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In This Issue— 


AGNETIC MATERIALS are featured 
in 3 papers in this issue. One sum- 
marizes the results of extensive research on 
magnetic alloys of iron, nickel, and cobalt 
(pages 1292-9); a second discusses different 
grades of silicon steel and other magnetic 
materials and their application to communi- 
cation equipment (pages 1848-53); a third 
outlines recent improvements in communica- 
tion transformers, which have been made 
possible largely by improved core materials 
(pages 1367-73). A fourth paper on this 
same general subject contains a bibliography 
of 211 items on research in magnetics done 
during the years 1933-34 (pages 1354-9). 


[BORINING protection of distribution 
systems is treated in 2 papers in this 
issue. One paper summarizes the experi- 
ences of one large company in rather severe 
lightning territory where the improvement 
in protection expected from interconnecting 
the arrester grounds and the secondary 
neutrals was not as great as expected (pages 
1400-05). The other paper reports the 
results of measurements of lightning cur- 
rents in arresters on 4 distribution systems 
in different parts of the United States; a 
maximum current of 17,000 amperes was 
recorded (pages 1395-9). 


LECTROCHEMICAL and electro- 
metallurgical industries have  de- 
veloped so rapidly in recent years that it 
has been impossible to disseminate the 
knowledge which has been gained. Some 
notes on the engineering development of 
these industries, particularly in France, 
have been prepared by a French engineer. 
Descriptions of new equipment for produc- 
ing calcium carbide and aluminum elec- 
trically are included (pages 1320-31). 
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ALIENT pole synchronous machines 

are discussed in 2 papers in this issue: 
one outlines methods of determining load 
losses and presents the results of calculations 
made by those methods (pages 1332-40); 
the other presents the results of pulling- 
into-step solutions made on the new large 
mechanical integraph at the University of 
Pennsylvania (pages 1885-95). 


ECENT research in the field of dielec- 
trics, particularly on materials and 
methods used at high voltages, was reported 
in one paper presented at the recent meeting 
of National Research Council’s committee 
on electrical insulation (pages 1288-91). 
A news report summarizes the principal 
subjects discussed at this meeting (page 
1416). 


[Re danger of  self-excitation of a 
Scherbius machine used in a variable 
ratio frequency converter for inherently 
constant power transfer has been studied, 
and means of preventing self-excitation 
during normal operation have been indi- 
cated (pages 1359-66). 


Noe frequency induction on telephone 
lines resulting from exposure to electric 
power lines has been subject to considerable 
investigation by both communication and 
power system engineers. The results of 
some recent studies are reported in this issue 
(pages 1307-15). 
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ypsee MKS (meter-kilogram-second) sys- 
tem of units was adopted by the Inter- 
ational Electrotechnical Commission at 
its plenary meeting of June 19385. Not 
since 1881 has a decision of similar inter- 
national significance been made (pages 
1373-84). 


Fs ADDITION to the many technical 
papers and discussions thereon which 
were part of the recent meeting of the 
A.J.E.E. Great Lakes District at Purdue 
University, a noteworthy feature was the 
attention given to students (pages 1410-12). 


M255 TRANSIT by means of continu- 
ously moving electrically operated 
platforms is said to have some advantages 
over other means of rapid transit for the 
congested sections of large cities (pages 
1340-7). 


le technical program for the annual 
winter convention of the A.I.E.E. to 
be held in New York, N. Y., January 28-31, 
1936, has been announced (pages 1408-09). 


VOLT-TIME curve for solid insula- 

tion, presented in this issue, consider- 
ably extends the range of information avail- 
able on this subject (pages 1300-01). 


Merrsons of segregating the losses in 

single phase induction and capacitor 
motors are outlined in this issue (pages 
1302-06). 
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Friendship and the Engineer 


—A Message From the President 


N these trying times of stress and economic in- 

stability, engineers, like the rest of the business 

world, are trying to keep the ships of enterprise 
off the rocks of economic and financial disaster, 
and are exerting heroic efforts to keep the flag 
of hope flying bravely in the storm. Their 
associates and fellow workers can help bear the 
burden of worry and responsibility by their 
sympathy and loyalty, and by simply offering 
their friendship in the constant courageous battle. 

Recently I had occasion to interview a man 
who is the executive head of a large corporation. 
In the course of our conversation, he remarked, 
“Friendship in business means nothing to me; 
it is only the cold hard facts that count.”’ I feel 
sorry for such aman. Do you know that after 
many years of considering only cold hard facts, 
business finally has awakened to the idea that 
human interest is the greatest force in industry? 

The one thing that counteracts discord is har- 
mony, and we approach this in business along the 
path of friendship. The man who is on friendly 
terms with his associates will carry on his busi- 
ness or activity far better than the one who is 
actuated only by the colder sentiments. We 
try to believe that we think and act independ- 
ently, but as arule we are greatly influenced by 
our contacts with others, particularly by those of 
our business associates who are our friends. 

And so it is with us in our Institute life. 
The benefits which an engineer derives from his 
membership in the Institute come primarily 
from his taking advantage of the opportunities 
presented for establishing and extending inti- 
mate relations and mutual understandings with 
others of his profession. The development of a 
true spirit of helpfulness in the free exchange of 
ideas contributes immensely to individual ad- 
vancement. But, beyond this, lies the even 
greater personal satisfaction of association, 
good-fellowship, and friendliness. 

The season of the year when friendliness and 
good-fellowship are in greatest evidence is fast 
approaching. At this time our thoughts are 
inclined to dwell more on others—members of 
our families, friends, associates, and those who 
are in need. We try to foster good feeling and 
draw upon our many resources to extend a help- 
ing hand in replacing sorrow and sadness with 
joy and cheerfulness. 

However, many of us in our every day lives 
are far too susceptible to the material things 
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which play a part in our efforts—sometimes a 
large part and sometimes small. While material 
things constitute the basic element of our busi- 
ness activity and are fundamental to our physi- 
cal well-being, they really make up the smaller 
portion of the sum of our contentment. 

The greatest joy and satisfaction are derived 
from the little things in life—those things that, 
in general, are without cost to us and can be 
procured without difficulty—our friends, who 
think and speak kindly of us, interesting books, 
cheerful words, friendly smiles, or acts of kind- 
ness. They usually take us by surprise. 

Everyone has heard the familiar legend of the 
man who searched all over the world for dia- 
monds, and, finding none, returned home in 
disappointment. Then to his delight, he dis- 
covered “‘acres of diamonds’”’ on his own land 
which he had neglected to search before starting 
on his quest. 

It is the same with many of us. We are 
possessed with an insatiable desire for the un- 
attainable. We strive to accomplish some mate- 
rial purpose because of the satisfaction, the feel- 
ing of success that accompanies victory. While 
it is true that patience, perseverance, and ag- 
gressiveness are commendable and essential to 
progress and individual advancement, they often 
cause us to miss the myriad little things sur- 
rounding us that really make living enjoyable 
and worth-while. 

As the holiday season approaches, it brings 
with it a spirit of happiness and rejoicing. 
Christmas reminds us of many happy events— 
forgotten in the daily struggle to keep up with 
the times—the old homestead, the merry voices, 
and smiling faces. The most minute and trivial 
circumstances connected with those joyful meet- 
ings crowd upon our minds at each recurrence of 
the season as if the last had been but yesterday. 

Christmas can win us back to the realization of 
the importance of friendship in our daily lives. 
Injecting its spirit into our every endeavor will 
return its blessings a thousandfold. 

With this message I extend to all the members 
of the American Institute of Electrical Engineers 
my friendly and sincere wish for happiness this 
Christmas season and the coming year. 
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Recent Progress 
in Dielectric Research 


Research in the several fields intimately 
involved in improving the formulation 
and application of electrical insulating 
materials is continuing with unrelenting 
efforts. The following summary of some 
of the current (1934-35) results indicates 
something of the scope and significance of 


this work. 
By 
JOHN B. WHITEHEA D The Johns Hopkins 
FELLOW A.I.E.E. University, Baltimore, Md- 


Ries and experimental de- 
velopment have produced several interesting ad- 
vances during the past year. Direct study of insulat- 
ing materials has resulted in new combinations for 
special types of service and in noteworthy new ex- 
tensions in the high voltage field. In the field of 
basic research, as usual the effort has been toward 
better experimental control, more intimate knowl- 
edge, and more clearly cut theories in all classes of 
dielectric materials and phenomena. Liquids have 
received the greatest attention because of their wide 
ranges of inherent properties, their susceptibility to 
control, and the great interest in them from the stand- 
points of both theory and application as insulators. 


LIQUIDS 


Research in the field of liquids has covered an es- 
pecially wide range of study of dipolar properties. 
Much of this is in the direction of correlation with 
other knowledge of molecular structure and combina- 
tion arising in chemical research. Such work is full 
of ultimate promise of new knowledge bearing upon 
the insulating properties of materials. Up to the 
present, however, available results from the stand- 
point of insulation are limited to such matters as 
dielectric constant and loss at high frequencies. All 
such work is in the high frequency range where the 
dipolar elements of loss, phase difference, and di- 
electric constant are clearly established. Interesting 
data of this type for insulating oils are present in 
papers by Beck,’ Rieche,** and Sommerman,* all of 
which indicate that molecular dipolar behavior at 
normal temperatures is limited to the high frequency 


Full text of the annual report of the chairman as presented to the 8th annual 
meeting of the National Research Council’s comniittee on electrical insulation, 
Pittsfield, Mass., Oct. 17-18, 1935. See also news report, page 1416, this issue. 


1. References listed at end of paper. 
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range. Further, it generally is unaffected by 
increases in low frequency losses, and there may be 
several different polar elements in the same liquid. 
In certain cases low frequency losses which seem to 
have polar characteristics are ascribed to polarized 
aggregates of much larger than molecular dimen- 
sions. Nowhere in all this work is there as yet a 
possibility of a quantitative check of Debye’s theory 
in the matters of loss and phase difference, owing 
to the as yet imperfect knowledge of the phenomena 
of internal friction and dissociation. 

Conduction in insulating liquids has been studied 
theoretically by Sammer** who extends to the case of 
liquids Schumann’s theory for crystals. Expressions 
for d-c and a-c behavior are derived as based upon 
ionic mobilities, and certain qualitative agreements 
with the results of experiment are obtained. Schu- 
mann,‘° in a theoretical analysis, shows that the mo- 
tions in liquids of layers of different ionic densities 
or space charge may result in one or more maxima 
of current as observed by Whitehead and his co- 
workers. Further interesting experiments in this 
direction are reported by Hofmann”? who, using the 
“schlieren” method and a movie camera, photo- 
graphs the motion of the space charge and measures 
its velocity. He finds ionic mobilities up to 10~ 
cm/sec/volt/em, confirming the value announced 
by Whitehead and Marvin®* several years ago. The 
mobilities of the ions in ordinary electrolytic solu- 
tions are in this range and it is not yet clear how this 
high value can be reached in the more viscous in- 
sulating liquids. Hofmann,”° in explanation of various 
features of his results, invokes the attraction of polar 
molecules to a free ion and the motion of the result- 
ing larger aggregate. Gillies’* reports observations 
on conduction at high field strength, confirming the 
theory that ionization by collision is the basic fac- 
tor. The electrical purification of liquids by applica- 
tion of continuous voltage has been studied by 
Whitehead and Shevki** who show the close relation- 
ship between short time conduction, dielectric loss, 
and space charge, during the clean-up and recovery 
periods. 

Several important papers on breakdown in liquids 
have appeared. Scheu*® has studied the conditions 
under which breakdown strength of oils may be 
regarded as a genuine characteristic of the material 
under test. At ordinary frequencies he finds neces- 
sary the allowance of much longer “‘rest periods” 
between breakdowns than those usually stipulated 
in test specifications. In order to suppress the scat- 
tering in breakdown values to the minimum inherent 
in the nature of the oils, he maintains that the time 
between breakdowns and also the ‘‘rest time’’ before 
the first breakdown should be 30 minutes. He recom- 
mends that standard specifications be amended to 
take account of these facts, but it appears doubtful 
that it will be worth while in routine testing to 
increase the time required so drastically for the sole 
purpose of diminishing the scattering of breakdown 
values. Particularly interesting is the influence of 
pretreatment voltage impulses reported by this 
author. He finds that by subjecting the oil to several 
voltage impulses, the scattering of subsequent break- 
down values was much reduced, both with ordinary 
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the actual breakdown series. 


\ 


frequency and with impulse breakdowns, and also 
that the breakdown strength was increased. He 
used up to several hundred such impulses before 
The cumulative effect 
of a great many such impulses is probably similar 
to the effect of a direct voltage applied for an ex- 
tended time, but with impulses lasting only a frac- 
tion of a microsecond much higher field strength 
may be applied without resulting breakdown. 
Another interesting and skillful study is that of 
Strigel*® on the spread of the observable time intervals 
of the order 10~? to 10~7 second between the appli- 
cation of voltage and the resulting breakdown of 
small gaps. The time lag of discharge may be di- 
vided into 2 parts: the first part is the time during 
which, for a given impulse voltage and long time di- 


electric strength of the oil, no breakdown is possible, 


thus fixing the shortest possible time for the building 
up of the discharge; the second part, determined 
statistically, gives the mean spread of the observa- 
tions of the discharge lag. The minimum building- 
up time is found to be independent of the electrode 
materials, but the mean spread of the time lag shows 
a definite dependence upon the material. An elec- 
trode with smaller work function causes a smaller 
value of the mean spread of the discharge lag. 
The minimum building-up time is the time necessary 
for breakdown when all initial conditions are favor- 
able; for example, that at the instant of application 
of voltage a primary electron is present or just 
enters the gap from the electrode, and the path of 
this electron and its resulting avalanche take place 
in such direction and under such conditions as are 
most favorable for breakdown, being thus definitely 
a probability phenomenon. Breakdowns resulting 


from stresses of less than 107° second duration are 


pure ionization phenomena, mechanical and thermal 
breakdown processes being excluded by reason of the 
longer time intervals necessary. 

Equally important is an extensive review of ex- 
periment and various theories of liquid breakdown 
by F. Koppelman.*! Of particular interest is his 
examination of the influence of pressure upon break- 
down. He reviews the thermal theory of Gtinther- 
Schulze,'® the gas ionization theories of Nikuradse*® 
and of Edler and Zeier,’® and the electromechanical 
theory of Gemant?® in their relations to gas laws and 
the constants of the liquids, and concludes that no 
one of them is completely sufficient to explain the 
facts. He offers, as more satisfactory, a modification 
of Gemant’s idea of a progressively elongated gas 
bubble. Koppelman assumes that breakdown starts 
with a minute gas bubble formed on the electrode 
as a result of any one of several causes, such as a 
minute discharge from an equally minute surface 


inequality. The bubble forms, and Koppelman’s | 


new proposal is that, in so forming, the surface of the 
bubble takes the charge from the electrode surface, 
the bubble itself thereby becoming the electrode. 
In this way, the bubble elongates and spreads into 
the liquid, finally forming an electron dart at the 
leading region of high stress. This picture eliminates 
the pressure in its effect on gaseous ionization, its 
influence being limited to its mechanical action as 
related to the forces of liquid adhesion of electrode, 
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to surface tension, and to other factors bearing upon 
the actual motion of the head of the bubble. 

In my report of last year are comments concerning 
the opposing theories of breakdown of Edler and 
Zeier who favor the thermoelectric processes, and of 
Koppelman who prefers the pure electric or ioniza- 
tion breakdown for pure liquids. Koppelman has 
presented new evidence in support of his views in a 
series of studies with a-c flat topped and peaked 
waves. The results show definite correlation with 
crest rather than with effective values, thus support- 
ing the theory of pure electric breakdown. These 
latter results of Koppelman were reported at a con- 
ference on insulation research at the Technische 
Hochschule of Hanover, Prof. H. Schering, director. 
The published report of this conference contains 
brief descriptions of other interesting researches, 
and particularly of recent improvements in methods 
and equipment for measurements at high voltage. 

Further studies of breakdown in commercial oils 
not completely purified, particularly as related to 
the influence of pressure, are reported by F. M. 
Clark.‘ He finds an interesting correlation with the 
corresponding behavior in gases and suggests a 
mechanism for breakdown in liquid similar to that 
in gases. 

The chemistry of petroleum insulating oils is re- 
viewed. by Dupui® with a helpful classification of 
various types as correlated with chemical stability. 
From several papers on oxidation, may be mentioned 
an interesting attempt by Ornstein, Janssen,*! and 
Krygsman, to evaluate transformer oils in terms of 
reaction constants and activation energies. These 
quantities are found to vary with aging of the oil. 
With an oil aged for different lengths of time, it was 
found that the logarithm of the reaction constant 
plotted against the reciprocal of absolute tempera- 
ture gives straight lines intersecting at a point. 
Above this point the reaction constant increases with: 
aging, below it decreases. Hence the conclusion 
that a certain oil should be used in a transformer 
only if the point of intersection occurs at a tempera- 
ture which is above that of operation. Applying 
this principle experimentally, the authors conclude 
that a moderately refined oil is better than either a 
poorly refined oil or a highly refined oil, a conclusion 
in agreement with practical experience. Making 
certain assumptions as to the hydrocarbon groups in 
the oils, the authors offer a quantitative explanation 
of their results. | 

The work of Muller?’ agrees with the foregoing as 
to the existence of a certain optimum in the refining 
of transformer oils, but in addition this author deter- 
mines the nature of the oxidation products. Water is 
found to be an important product in the case of the 
colorless, highly refined oils, but the primary re- 
action products are probably peroxides, as established 
by other workers. 


GASES 


In the field of breakdown of gases an interesting 
experimental study of the spark lag of the sphere gap 
has been reported by Tilles, ‘* with a new experimental 
set-up for the measurement of short time intervals 
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of the order 10~*° second. He concludes that the 
spark lag may fall into one of 3 distinct domains 
depending upon the conditions obtaining, notably 
the external ionizing forces. The sparkover mecha- 
nism may take different forms as related to these 
conditions. 

There is a noteworthy revival of interest in corona 
formation, particularly as associated with continu- 
ous voltage. De Fassi® studies the laws of d-c critical 
voltage, current, and loss. He develops empirical 
formulas and adds a discussion of existing theories, 
as based on ionic mobilities and space charges. 
Misere?® studies the a-c critical voltage and loss over 
a wide range of frequency, with particular reference 
to the early formulas of Peek and Whitehead. 
General agreement is found with suggestion of slight 
modifications of the constants for the upper ranges 
of frequency. At the Hanover conference, pre- 
viously referred to, corona measurements with the 
Schering bridge were reported indicating a marked 
departure from the Peek formula for power loss. 
A new formula, as based on the experiments, is 
proposed. 


SOLIDS 


In the field of solids, Boning? has extended his 
theory, that conduction in dielectrics arises from the 
motion of ions of one sign, to account for anomalous 
conduction, absorption, and nonuniform potential 
gradient in solids. Certain experiments in confirma- 
tion are reported. He proposes that the increase in 
loss under alternating stress and also final break- 
down are caused by the formation of minute canals 
caused by the oscillating motion of the ions. 

Of particular interest is the work of Tausz and 
Rumm*’ on the dielectric constant of materials con- 
taining water, such as starch, certain powders, and 
fibrous materials. The isodielectric method of sus- 
pension in a liquid of known specific inductive ca- 
pacity is not reliable for materials which absorb 
water. The dielectric constant of many materials is 
influenced in characteristic manner by the water 
content and it is proposed that this method is avail- 
able for an approximate determination of water 
content. From results of studies of the rise of di- 
electric constant with temperature it is proposed 
that the absorbed water is in 2 forms: (1) with very 
small dielectric constant, and described as ‘‘solidi- 
fied’’ water; (2) described as ‘‘movable’’ water 
which strongly increases the dielectric constant and 
makes it much more susceptible to temperature 
variation. Whitehead and Greenfield®? also have stud- 
ied the influence of residual water upon the dielec- 
tric constant of cellulose paper, from which studies 
empirical relations are derived and the moisture 
content approximately computed. Where com- 
parison is possible, their results are in general agree- 
ment with those of Tausz and Rumm. 


PRACTICE 
In the field of practice may be mentioned the de- 


velopment by Meissner?’ of a new series of solid and 
molded insulating materials having high thermal 
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conductivity. All are made from organic binding 
insulators, including the oils, with powdered crys- 
talline substances added. The thermal conductivity 
is increased from 3 to 8 times with little or no reduc- 
tion of the dielectric strength of the binder. Also 
may be mentioned the development by Handrek’* 
of a group of rigid materials of ceramic type, of which 
the principal constituent is TiO., suitable for radio 
capacitors and in which the dielectric constant has 
a range of values up to 90 with pbase difference of 
the order from 3 X 107-4 to 8 X 10~‘ in the high 
frequency range. | 

Improvements abroad in oil impregnated paper 
insulation for power condensers are described by 
Gonningen" and Giithman.!’ The latter, particularly, 
claims a great advantage in this service for thin, 
highly purified oils, stating that they are available 
with low phase difference and loss with a smaller 
variation of the same with temperature and voltage 
than the heavier oils, and also that they have a 
higher and more stable dielectric strength. 

In the United States particular attention has been 
directed to the problem of the stability of high 
voltage impregnated insulation. This has taken the 
form of a more intimate examination and analysis 
of the behavior of the insulation of high voltage 
cables, both initially and after service, as represented 
particularly by the study of the radial variation of 
power factor by the method of Wyatt and by exten- 
sive service records such as those reported by Roper.*4 
While no definite conclusions as to the cause of 
ultimate instability are as yet evident from these 
studies, they have led already to improvements in 
the electrical characteristics of cables, and are pav- 
ing the way for deeper researches as to the ultimate 
causes of oil and paper instability. 

As conspicuous examples of the outcome of pro- 
gressive and widely distributed research, may be 
noted the development of several new types of extra 
high voltage cable and the increasing confidence, 
as represented by several important installations, 
in the steady improvement of the earlier types of 
cable in this class. A new type of oil filled cable with 
type HH segmented conductor, impregnated after 
installation, is described by Borel.* Dunsheath® re- 
ports further experiments with the ‘‘gas-cushion”’ 
cable. A 50-kilovolt oil-filled cable with submarine 
section is reported from Copenhagen. Of outstand- 
ing interest are the installations in the Baltimore 
and Washington tunnels of the Pennsylvania Rail- 
road of exceptional lengths of 132 kilovolt cable, 
cables of the pressure type with oil as the compression 
medium, and also of improved types of oil filled cable 
with oil feed through the hollow conductor. 

The helpful contributions of W. F. Davidson and 
T. Larsen of the Brooklyn Edison Company are 
acknowledged. 
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Spectacular floodlighting, as applied to Wanaque Dam of the North Jersey District (N. J.) Water Supply Commission. 

The dam, 1,600 feet in length and with a slope of 210 feet, is lighted by 50 1,000 watt lamps. At the base of the dam 

are 3 electric fountains 35 feet high floodlighted by 36 underwater 1,000 watt projectors with colored lenses, and 2 
fountains 15 feet high floodlighted by 10 underwater 500 watt lamps. A\ll of the underwater lamps have colored lenses 
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Magnetic Alloys of 
lron, Nickel, and Cobalt 


The unexpected magnetic properties of 
certain alloys of iron and nickel discovered 
some 20 years ago led to a thorough study 
of the entire range of iron-nickel alloys. : 
The results of this study were so encourag- 
ing that alloys of these metals with cobalt, 
the only other ferromagnetic metal, also 
were studied, as well as various alloys of 
these metals with small amounts of non- 
magnetic metals added. From the re- 
sults of this extended investigation have 
emerged several alloys that are playing 
important parts in the continued advance- 
ment of electrical communication. 


By 
G. W. ELMEN Bell Tele abso 
FELLOW A.LE.E. New York, N. Y. 


Sous ALLOYS of iron, nickel, and 
cobalt have remarkable magnetic properties superior 
in many situations to those of the constituent metals. 
Many of these alloys have found wide use in the in- 
strumentalities and circuits of electrical communica- 
tion, and were developed primarily for that purpose. 
This paper reports the experience and techniques of 
the Bell Telephone System in the development and 
utilization of these materials. 

The advantageous properties of these alloys were 
disclosed through exhaustive researches, during 
which the whole realm of combinations of these 3 
metals was explored. That certain alloys of iron and 
nickel had unexpected properties at low flux densities 
had already been discovered in the Bell Telephone 
Laboratories. There was at that time no theoretical 
basis for predicting, or even explaining, the character 
of those alloys; and, therefore, a study was under- 
taken of the whole iron-nickel series. The results 
were so encouraging that combinations of these 
elements with cobalt likewise were studied; and 
finally those alloys of special interest were com- 
bined with varying amounts of nonmagnetic metals. 
In the course of this investigation several thousand 
specimens were made and tested in a period extending 
over 15 years. 


A paper recommended for publication by the A.1.2.E. committee on communica- 
tion, and scheduled for discussion at the A.I.E.E. winter convention, New York, 
N. Y., Jan. 28-31, 1936. Manuscript submitted Oct. 2, 1935; released fer 
publication Noy. 2, 1935. 
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Such an empirical investigation is time consuming 
and expensive, but in a field where so little theory was 
available for guidance it was the only certain means 
to determine the practical possibilities of these alloys. 


It has been justified by the large number of alloys it . 


has developed for practical use in communication 
engineering. One of the first and most striking ap- 
plications was to submarine telegraph cables. The 
largest field of application, however, has been in 
telephony, where the requirements generally are 
very exacting, and where other advances have im- 
posed rigid demands on the magnetic materials. 


In telephone circuits, standards of transmission 


efficiency require that the magnetic materials used 
as circuit elements shall produce maximum magnetic 
effect with minimum energy loss and distortion of 
the transmitted currents. Translated into magnetic 
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Fig. 1. Composition diagram for alloys of iron (Fe) 


nickel (Ni) and Cobalt (Co) 


characteristics, this means that at low magnetizing 
forces the material shall have high permeability in 
combination with low hysteresis loss, and, in many 
situations, constancy of permeability over the oper- 
ating range. In circuits for voice and carrier cur- 
rents it is often necessary to reduce the intrinsic per- 
meability of the material to obtain the required con- 
stancy and low losses in the apparatus. Further- 
more, to minimize eddy currents, a high resistivity is 
required and the material must be structurally suit- 
able for fabrication into thin laminations. For other 
uses, such as for signaling and switching mechanisms, 
the magnetic properties at medium and high flux 
densities determine the suitability of the material. 
High permeability and low coercive force make for 
improved sensitivity and speed of operation. Low 
coercive force is of special interest in marginal appara- 
tus where the difference between the operating and 
releasing currents is small. 


ELECTRICAL ENGINEERING 


j 


_ PREPARATION AND COMPOSITION OF THE ALLOYS 


A great many factors contribute to the final prop- 
erties of an alloy. Among the most important of 
these are the purity of the elements used in the alloy, 
their preparation, and the heat-treatment. The 
magnetic properties attainable can be completely 
_ masked by the intrusion of small quantities of cer- 

tain impurities or by improper heat-treatment. For 
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Fig. 2. Magne- 
tization curves for 
several perm- 
alloys for flux 


densities less than 
6,000 gausses 
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iron the magnetic properties can be improved mate- 
rially by removing extremely small quantities of 
carbon and other nonmetallic elements through heat- 
treating* in an atmosphere of hydrogen and at tem- 
peratures close to the melting point. This method 
of purification also improves the magnetic properties 
for alloys of iron, nickel, and cobalt. For communi- 
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Figs. 3 (above) and 4 (right). Magnetization 
curves for permalloys, perminvars, and permendur 


A—78.5 permalloy 
B—3.8-78.5 Mo-permalloy 
C—3.8-78.5 Cr-permalloy 


cation purposes, it has not been found expedient as 
yet to introduce this method of refinement in the 
commercial production of these alloys. The purity 
of the constituents is controlled by ordinary methods 


* There is a rapidly growing technical literature relating to the effects of very 
smal] percentages of impurities on magnetic properties and the methods for their 
removal. with notable contributions by T. D. Yensen of the Westinghouse 
Electric and Manufacturing Company, W. E. Ruder of the General Electric 
Company, and P. P. Cioffi of the Bell Telephone Laboratories. 
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D—45 permalloy} 
E—Silicon steel 
F—“‘Armco”’ iron 


able shapes. 


of chemical analysis, by methods of melting, and by 
annealing processes which do not increase the 
amounts of important impurities. The magnetic 
properties recorded in this paper, therefore, have 
been confined mostly to those obtained on materials 
produced by standard metallurgical methods. 

In the commercial method of producing these al- 
loys the best grades of commercial iron, nickel, and 
cobalt are used. The melting is done in an electric 
furnace, and after the mechanical fabrication into 
suitable shapes these alloys are heat-treated to de- 
velop the desired magnetic properties. 

Early in an investigation of these alloys it was 
found that some of them required special heat-treat- 
ments to develop the desired magnetic properties. 
For some the slow cooling incident to the ordinary 
process of annealing was not suitable, and a rapid 
cooling was necessary. For another group the slow 
cooling in the annealing process was not slow enough, 
and the best results were obtained when the alloys 
were held at a constant high temperature for a con- 
siderable time. It was evident that to determine 
the most suitable temperature of heating and rate of 
cooling for each alloy would require more time than 
was warranted in the exploratory work. Three 
methods of heat-treatment that, in a general 
way, would separate the alloys into groups, were 
developed. These heat-treatments are designated 
in this paper as ‘‘annealing,” ‘quenching,’ and 
“baking.” 

The annealing process consists of heating the 
samples in closed containers to a temperature of 
1,000 degrees centigrade, and cooling with the fur- 
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H-~—7-45-25 Mo-perminver, baked 
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nace. The cooling ordinarily requires 7 hours be- 
fore room temperature is reached. This heat-treat- 
ment is primarily for the purpose of removing the 
effects of mechanical strains necessarily resulting 
from the rolling and stamping of the alloys into suit- 
All the alloys discussed in this paper 
received this heat-treatment before any of the more 
special processes were applied. 
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The quenching process consists of heating the 
alloys for a short time at 600 degrees centigrade, and 
cooling in air at room temperature for small samples 
with large surfaces, and in oil for larger samples. The 
rate of cooling attained by these methods is approxi- 
mately 40 degrees centigrade per second. It has been 


Table I—Designations and Compositions of Some Magnetic 


Alloys 
Composition, Per Cent 
Designation Ni Fe Co Cr Mo Vv 
WSupapermalloyer eres pte ae S207 piano 
80 permalloy..... ' eo Ue ees) 
45 permalloy.......... 4 Sie Oe 
3.8-78.5 Cr-permalloy... Se OM dhe Map sehae es 3.8 
3.8-78.5 Mo-permalloy. . RSS a tre DY RAE Sake nh Reeds eek, aeons 
2-80 Mo-permalloy..... P80 Me LS Nae ty chacmen ont oie fe bhzce 2 
45-25 perminvar.......... RAG 20) eee 
7-45-25 Mo-perminvar.........45 ....23 roomy dm ae, enna. 7 
Permeudtityan. sacet eo eek | oho enseaO0. 50 
MAMVEDeCLMIEN CUT. - eye ye ice een a eee es ZNO beal Wate reee ac Ao Pe ba erepacy nihicecacee ct ena Bee 


Ni = nickel; Fe = iron; Co = cobalt; Cr = chromium; Mo = molybdenum; 
V = vanadium. 


found that the best rate of cooling for maximum per- 
meability does not always develop the highest initial 
permeability. The difference, however, is not large, 
and often is masked by other variations in the manu- 
facturing process. 

The baking process consists of heating the alloys 
for 24 hours at 425 degrees centigrade, and then 
slowly cooling to room temperature. The rate of 
cooling does not affect the development of the mag- 
netic properties unless it is so rapid as to introduce 
mechanical strains. 


CLASSIFICATION OF THE ALLOYS 


A convenient way of showing graphically the com- 
positions of the alloys of iron, nickel, and cobalt is by 
means of the composition triangle in figure 1. The 
sides of this triangle represent the binary alloys of the 
3 metals, and points inside the triangle, the ternary 
alloys. 

In this diagram the alloys of special interest be- 
cause of their magnetic properties are indicated, and, 
for convenience, each group in which the magnetic 
properties are similar has been given a specific name. 

On the iron-nickel side of the triangle the permal- 
loy region is indicated. In this group several compo- 
sitions have been developed for commercial use in 
the Bell System. The method of identifying these 
alloys consists of prefixing a numeral indicating the 
per cent of nickel, for example, 45 permalloy con- 
tains 45 per cent nickel and 55 per cent iron. To 
some of these permalloys small amounts of other 
metals also are added. In designating ternary perm- 
alloys the same scheme is extended, so that the name 
gives everything except the iron content, and this is 
obtainable by difference. Thus, 3.8-78.5 Cr-perm- 
alloy contains 3.8 per cent chromium, 78.5 per cent 
nickel, and 17.7 per cent iron. 
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The perminvar region, enclosed by the curved 
line, contains those compositions'that require baking 
to develop completely their characteristic magnetic 
properties. The specific compositions of these alloys 
are indicated by 2 prefixed numerals, the first indi- 
cating the nickel and the second the cobalt percent- 
ages, respectively. Thus the 45-25 perminvar alloy 
contains 45 per cent nickel, 25 per cent cobalt, and 
30 per cent iron. Another alloy of the perminvar 
group, in which the nickel and cobalt percentages are 
the same as the alloy just mentioned, but which con- 
tains 7 per cent molybdenum and 23 per cent iron, 
is designated as 7-45-25 Mo-perminvar. 

In the iron-cobalt series of alloys the composition 
50 per cent iron and 50 per cent cobalt has been de- 
veloped for commercial use. This is the permen- 


Table II—Magnetic Constants for Alloys Discussed in This 


Paper 

Material my free Mat H, (B-H)H=0 op 
‘CArImCO? s1LOl aie eer 250.. 7,000: .5,000. -13;000..1.0 ...22;000; sens 
4% silicon-steel......... 600.. 6,000. .3,500..12,000..0.5 ...20,000...50 
78.5 permalloy, quenched10,000..105,000.. 200.. 6,000..0.05...10,700...16 
45) permalloy.2en eee 2,700.. 23,000..1,200.. 8,000..0.3 ...16,000...45 
3.8-78.5 Cr-permalloy...12,000.. 62,000.. 200.. 4,500..0.05... 8,000...65 
3.8-78.5 Mo-permalloy..20,000.. 75,000.. 200.. 5,000..0.05... 8,500. ..55 
45-25 perminvar, baked. 400.. 2,000..2,500.. 3,000..1.2 ...15,500...19 
7-45-25 Mo-perminvar, 
baked).2 23 ace chteactenee 550.. 3,700..2,600.. 4,300..0.65...10,300.. .80 
Permendursensccn eee 700.. 7,900. .6,000..14,000..1.0 ...24,000... 6 


Here yo and 4m are the initial and maximum permeabilities, respectively; 
Wu = o is the hysteresis lossin ergs per cubic centimeter per cycle for saturation 
value of flux density; B, is the residual induction in gausses; He is the co- 
ercive force in oersteds; (B—H)y=o is the saturation value of the intrinsic 
induction in gausses; p is the resistivity in microhms-centimeter. 


dur alloy, indicated in the triangular diagram in 
figure 1. This alloy is difficult to cold roll, but the 
addition of 1.7 per cent vanadium improves the me- 
chanical properties and makes it sufficiently ductile 
to roll into thin sheets. The same system has been 
followed in designating this alloy as in the case of the 
permalloys. Thus 1.7 V-permendur is an alloy con- 
taining 1.7 per cent vanadium with iron and cobalt 
in equal proportions. 

Table I lists the designations and compositions of 
those alloys, developed for particular purposes, which 
are discussed more fully in the remainder of this 
paper. 

In figures 2, 3, and 4 are shown the magnetization 
curves for low, medium, and high magnetizing forces 
for these alloys, except the 80 permalloy and the 1.7 
V-permendur, for which the curves are substantially 
the same as for 78.5 permalloy and permendur, re- 
spectively. Curves for “Armco” iron and ordinary 
commercial 4 per cent silicon steel also are shown in 
these figures. All these materials were annealed, 
and in the case of the 78.5 permalloy and the perm- 
invars the annealing was followed by quenching 
and baking, respectively. It may be seen from these 
curves that the permalloy group reaches almost satu- 
ration values long before the iron and silicon steel 
and the other alloys have reached the lower bend in 
the magnetization curve. With the exception of the 


ELECTRICAL ENGINEERING 


45 permalloy, which saturates at a fairly high value, 
the permalloys have low saturation induction and 
the permendur the highest. The permeability curves 
computed from these curves are plotted in figures 
dand 6. In figure 5, curves for the permalloy alloys 
are plotted at a smaller vertical scale than in the 
figure (6) containing the curves for the other alloys. 
The permeability for alternating current of small 
constant amplitude as a function of superposed d-c 
magnetizing force is shown in figure 7 for some of the 
alloys. In most apparatus where both alternating 
and direct current are involved, this ‘butterfly 
curve’ must be relatively flat over the expected 
range of d-c excitation. The important magnetic 
constants for these alloys are given in table II. 
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In figure 8 the initial and maximum permeabilities 
and the coercive force and resistivities are plotted 
for quenched alloys of the iron-nickel series. These 
cutves show the remarkable variations in magnetic 
properties with composition in this series of alloys. 
The permalloy region includes alloys between 30 
and 95 per cent nickel, as indicated in figure 1. Some 
of the alloys in this region, particularly from 50 to 
85 per cent nickel, require rapid cooling to develop 
the magnetic properties indicated in the curves. If 
they are merely annealed, both the maximum and 
initial permeabilities are much lower. The greatest 


effect in reducing the permeabilities by slow cooling 
appears to be for the alloys containing between 70 
and 80 per cent nickel; for example, 78.5 permalloy 
with a standard anneal has its initial permeability 
reduced to 1,200. If the alloy is baked for several 
hundred hours this permeability can be reduced still 
further to about 500. There is a very rapid decrease 
in the coercive force as the nickel increases above 27 
per cent, and the lowest values are reached in the 
region between 70 and 80 per cent nickel. The re- 
sistivity increases rapidly just below the permalloy 
region, and reaches maximum at about 31 per cent 
nickel. It should be noted that the large changes in 
the coercive force and the resistivity are at the lower 
end of the permalloy region, while the highest per- 
meabilities are developed in the alloys containing 
between 75 and 80 per cent nickel. 

46 Permalloy. One of the alloys developed for 
commercial use is 45 permalloy. This attains a satu- 
ration flux density as high as any of the permalloys. 
At 40 oersteds the flux density is 16,000 gausses, 
substantially the same as for ‘“Armco”’ iron, and con- 
siderably higher than for ordinary silicon steel (figure 
4). The initial and maximum permeabilities (under 
standard practice of heat-treating) are 2,700 and 
23,000, respectively (figure 5 and table II). For 
cores requiring flux densities between 8,000 and 12,- 
000 gausses this alloy is specially useful. The re- 
sistivity of the alloy is 45 microhms-centimeter, 
which is high enough to make it superior for use in 
cores in a-c circuits. The higher permeability at 
fairly high values of superposed d-c field, shown in 
figure 7, also favors its use for some purposes. 

78.5 Permalloy. Another alloy long used in the 
telephone plant is 78.5 permalloy. Quenching de- 
velops a higher maximum permeability in this than 
in any of the other permalloys. Initial and maxi- 
mum permeabilities of 10,000 and 105,000 readily are 
developed. The hysteresis loss and the coercive 
force of quenched 78.5 permalloy are minimum. The 
saturation flux density of this alloy is between 10,000 
and 11,000 gausses, and it is reached with a very low 
magnetizing force. The rapid rise in the flux den- 
sity of this alloy for small increments in the magne- 
tizing force and the low saturation flux density are 
shown in figures 2, 3, and 4. 

Initial and maximum permeabilities of 78.5 perm- 
alioy are improved by elimination of impurities and 
also by special care in the quenching process. As 
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stated earlier, the rates of cooling required to develop 
the highest initial permeability differ from those for 
the highest maximum. 

Chromium Permalloy and Molybdenum Permalloy. 
When other metals are added to permalloys their re- 
sistivities, in general, are increased. In research 
work at the Bell laboratories chromium and molyb- 
denum mostly were used. It was found that with 
these elements a desirable combination of high re- 
sistivity and high initial permeability could be ob- 
tained. The variation in resistivity, keeping the 
nickel content constant at 78.5 per cent, is shown in 
figure 9. Chromium increases the resistivities some- 
what more than molybdenum for a given addition, 
but the difference is not very large. The 3.8-78.5 
Cr-permalloy has a resistivity of 65 microhms-centi- 
meter, as compared with 55 for the 3.8-78.5 Mo- 
permalloy. 


1296 


Figure 9 also illustrates the manner in which addi- 
tions of these metals affect the initial permeability 
and the sensitivity of the permeability to rate of 
cooling. The solid line curves are for the annealed 
and the broken-line curves for the quenched speci- 
mens. For the quenched alloys the highest perme- 
abilities are obtained when the added chromium and 
molybdenum are 2.4 per cent and 1.6 per cent, re- 
spectively. For this cooling rate the chromium 
permalloy seems to develop a slightly higher initial 
permeability. The difference, however, is small, and 
a greater spread between different samples has been 
observed. For the annealed alloys the largest value 
of initial permeability is obtained with molybdenum 
permalloy. For 3.8 Mo-permalloy an initial perme- 
ability of 20,000 is obtained. With the same heat- 
treatment the initial permeability of the correspond- 
ing chromium alloy is 12,000. It is surprising to note 
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that small additions of these nonmagnetic metals 
increase the initial permeability to values consider- 
ably higher than that for quenched 78.5 permalloy. 
- Beyond 5 per cent this improvement ceases. All 
additions decrease the saturation induction values 
and the maximum permeabilities. 

Several of these alloys have been developed for 
commercial use. Of these the most important are 
2-80 Cr-permalloy, 3.8-78.5 Cr-permalloy, and 
3.8-78.5 Mo-permalloy. 


PERMINVAR 


The distinctive magnetic properties of the perm- 
invars are constancy of permeability at low flux 
densities, a low hysteresis loss in the same range, and, 
- for medium flux densities, a characteristic constric- 
tion in the middle of the hysteresis loop. In some 
alloys this constriction is so extreme that the coer- 
cive force vanishes, making the 2 branches of the 
loop coincide when the magnetizing force is reduced 
to zero, in spite of the considerable hysteresis loss in- 
volved in the entire cycle. At high flux densities 
this constriction disappears and the loops have nor- 
mal shapes. 

The degree to which these properties can be de- 
veloped depends on the composition and the heat- 
treatment. For the most typical alloys slow cooling 
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in the annealing process produces this effect to a cer- 
tain degree. Baking for 24 hours in the 400-500 
degree (centigrade) temperature range brings most 
alloys into a stable condition in which no further 
baking materially will affect the magnetic properties. 
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As indicated in figure 1, some of the binary alloys 
tend toward the perminvar characteristics with long 
baking. Of the permalloys a considerable propor- 
tion of those that must be quenched to develop the 
desirable magnetic properties show perminvar char- 
acteristics when they are baked. 

45-25 Perminvar. The perminvar characteristics 
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have been developed most intensely in 45-25 permin- 
var. The magnetization curve in figure 3, and the 
permeability curve in figure 6, illustrate this fact. 
The constancy of permeability at low magnetizing 
forces and the necessity of “‘baking’’ to attain this 
condition are illustrated in one of the sections of 
figure 10, where the permeabilities are plotted for the 
quenched and baked conditions. The permeability 
of the quenched alloy begins to change at very low 
magnetizing forces, but that of the baked alloy, 
though lower, remains constant for magnetizing 
forces up to 3 oersteds. 
Hysteresis loops for this alloy in the 2 conditions 
are shown in figure 10 for maximum flux densities of 
less than 1,000 and more than 5,000 gausses. For 
the baked alloy the hysteresis loops for maximum 
flux densities less than 1,000 gausses cannot be meas- 
ured by ordinary ballistic methods, because the 2 
sides of the loop coincide in a straight line. For 
loops with higher maximum flux densities the area 
begins to appear, but the 2 branches of the loop still 
meet at the origin. Although the coercive force is 
sensibly zero for the baked alloy until the maximum 
flux density exceeds 5,000 gausses, the hysteresis 
loss represented by the loop may become consider- 
ably greater than that for the quenched alloy. 
7-45-25 Mo-Perminvar. The extremely low hys- 
teresis loss and constancy of permeability at low flux 
densities makes 45-25 perminvar a suitable material 
for applications where distortion and energy loss are 
fatal to good quality of transmission. The resis- 
tivity of this alloy is only 18 microhms-centimeter, 
but it can be increased without serious sacrifice of 
the low hysteresis characteristic by adding molyb- 
denum. The alloy chosen for commercial use is 
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7-45-25 Mo-perminvar, having a resistivity of 80 mi- 
crohms-centimeter. 

The manner in which molybdenum affects the 
magnetic properties is illustrated in figures 3, 4, and 
6. The permeability is not quite so independent of 
the magnetizing force as for the alloy without molyb- 
denum, nor is the hysteresis loss quite so low. The 
initial permeability for the alloy baked the customary 
24 hours is somewhat higher. When baked for a 
longer period the magnetic characteristics tend more 
toward those of 45-25 perminvar. 


PERMENDUR 


An alloy in the iron-cobalt series used in communi- 
cation apparatus is permendur. The typical compo- 
sition is 50 per cent iron, 50 per cent cobalt. The 
outstanding magnetic property of this alloy is high 
permeability in the range of flux densities between 
12,000 and 23,000 gausses (figures 4 and 6). The 
high permeability of this alloy ‘‘endures” to higher 
flux densities than does the permeability of any other 
magnetic material. Its initial permeability is about 
700, though values as high as 1,300 have been ob- 
served for some samples. In addition to the high 
permeability at high flux densities permendur also 
has a relatively flat “butterfly”? curve, as may be 
seen in figure 7. For a superposed d-c magnetizing 
force of 10 oersteds the a-c permeability of ‘“‘Armco”’ 
iron is 40, as compared with 200 for permendur. 

1.7 V-Permendur. Permendur is difficult to roll 
into sheets, because of its brittleness. To overcome 
this difficulty 1.7 per cent vanadium is added. With 
this addition it may be rolled into sheets as thin as a 
few thousandths of an inch. This amount of vana- 
dium affects the magnetic properties only slightly, 
although larger amounts decrease the permeability 
at high flux densities. 

Another improvement incident to the addition of 
vanadium is a fourfold increase of resistivity from 


for some use in the telephone plant. This paper, 
however, would be incomplete without mention of 
some of the remarkable magnetic properties obtained 
in laboratory samples. In table III some of these 
magnetic achievements are tabulated. The special 
treatments given these specimens are noted also in 
this table. 


ENGINEERING APPLICATIONS 


One of the first uses of the permalloys was for con- 
tinuous loading of a telegraph cable between New 
York and the Azores laid in 1924. For this project 
78.5 permalloy was used in the form of a 0.125 by 
0.006 inch tape wrapped helically on a stranded 
copper conductor. The average initial permeability 
of this alloy in the laid cable was 2,300, considerably 
less than can be obtained under the best conditions 
of heat-treatment and absence of strains. With 
this loading, the speed of transmitting messages was 
increased fivefold.4 By the time a second cable proj- 
ect was undertaken the chromium permalloys had 
been developed, and 2-80 Cr-permalloy was selected. 
This alloy has a resistivity of 45 microhms-centime- 
ter, and the initial permeability of the loading on the 
laid cable was in the neighborhood of 3,700. The 
increase in permeability and in resistivity increased 
materially the message carrying capacity.°® 

The largest use of permalloys in the telephone 
plant has been in cores of loading coils,® where the 
alloy is used in the form of compressed insulated 
dust. Iron dust cores had been standard for these 
coils.’ The lower magnetic losses of permalloy dust, 
however, permitted utilizing higher core permeabili- 
ties. This has resulted in a very material decrease - 
in the size of loading coils. For a high grade loading 
coil core made from iron dust the effective core per- 
meability at low flux densities had to be limited to 
33. The first permalloy used for loading coil cores 
was 80 permalloy. The insulated and compressed 
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1—Quenched. 


its value of 6 microhms-centimeter for simple per- 
mendur. Permendur, it may be noted, has the low- 
est resistivity of the iron-cobalt series. 

LABORATORY RESULTS 


As stated hereinbefore, all the alloys that have 
been discussed have been made on a factory scale 
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2—Baked at 425 degrees centigrade 
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core was designed for an effective permeability of 
75—more than double that for the iron dust. De- 
velopment work on an improved compressed mag- 
netic dust core in which molybdenum is used, is now 
approaching completion. It is expected that the 
new material will have a substantially higher per- 
meability than that of the 80-permalloy dust cores, 


4. For all numbered references see list at end of paper. 
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and that it will have intrinsically superior eddy cur- 
rent and hysteresis loss characteristics. By virtue 
of these properties, it will be practicable to make a 
further substantial reduction in the size of loading 
coils without sacrifice in service standards. The 
decrease in the size of the cores with improvement 
in the core material is illustrated in figure 11. 

In d-c apparatus where high permeability and low 
coercivity are of importance, and where high resis- 
tivity does not add to the usefulness of the core ma- 
terial, 78.5 permalloy is suitable. It is used in cer- 
tain relay structures, usually of marginal type, in 


Table III—Some Remarkable Magnetic Properties Obtained 
in Laboratory Specimens* 


—— 


H for 


Material 0 pm pm He Heat Treatment 


“Armco’”’ iron... .20,000!. .340,0001..0.021 ..0.031 ..18 hr at 1,480 degC, 
followed by 18 hr at 
880 deg C, both in hy- 
drogen 
-Melted in vacuum; 
electrolytic iron and 
electrolytic nickel; 
18 hr at 1,300 deg C 
in hydrogen 
-18 br at 1,400 deg C 
in hydrogen; heated 
to 650 deg C 1 hr, 
cooled in magnetic 
field of 16 oersteds in 
hydrogen 
..28/g x 2 x 0.109 in. 
tape; annealed; 
wrapped in 2 layers 
of 3 mil tape and 
quenched from 600 
deg C in tap water 


45 permalloy..... 11,000 . .227,000 ..0.025 ..0.0145 . 


65 permalloy..... 2,500 ..610,0002. .0.0148..0.0122 . 


78.5 permalloy. ..13,0003. .405,000%. .0.0101..0.0153 


3.8-78.5 Mo- 

permalloy ....... 34,0001 ..140,000!, .0.0251.......... 1,400 deg C in hy- 
drogen 

Permendur....... 1,000 .. 37,000 ..0.22 0.20 ..940 deg Cin hydrogen 
for 18 hr, slowly 
cooled to room tem- 
perature 

Permendur....... SOON 29; 000V One «i eae. 940 deg C in hydro- 
gen, 6 hr; _ slowly 
cooled to room tem- 
perature 

45-25 perminvar.......... 189,000 ..0.052 ..0.059 ..Heated to 1,000 deg 


C in hydrogen, re- 
heated to 700 deg C 
and cooled in hydro- 
gen in a magnetic field 
of 14 oersteds 


For explanation of symbols in headings see footnote to table II. 
* Except as noted, the values in this table have not previously been published. 


which the difference between operating and releasing 
currents is small. 

For audio transformers, for retardation coils, and 
for other apparatus in which high permeability and 
high specific resistance must be combined, both 3.8- 
78.5 Cr-permalloy and 3.8-80 Mo-permalloy have 
been used. The former has slightly higher resis- 
tivity, but the latter has higher initial permeability 
and is more ductile. 

While the initial and maximum permeabilities of 
45-permalloy are not as high as those of 78.5 permal- 
loy, the higher flux densities attained by the former 
and its higher resistivity favor its use for certain 
types of relays and transformers where high flux den- 
sities are required. It is used also in some instances 
for cores of coils that require high a-c permeability 
when d-c magnetizing forces are superposed. 

The magnetic characteristics of the perminvars 
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make them especially suitable for use in circuit ele- 
ments in which distortion and energy loss must be a 
minimum; but their relatively high cost, and the 
advisability of avoiding high magnetization through- 
out the life of the apparatus, have prevented their 
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lron dust core (left); permalloy dust core (center); molyb- 
denum permalloy dust core (right) 


Equivalent cores for loading coils 


extensive use in telephone plant. One use for which 
perminvar is especially suitable is the loading of long 
submarine telephone cables. Here a high resistivity 
is very desirable, which has been shown to be obtain- 
able in the 7-45-25 Mo-perminvar. The increase 
in resistivity resulting from the addition of molyb- 
denum more than offsets the accompanying increase 
in hysteresis loss, and results in a continuous loading 
material satisfactory for certain types of loaded 
cables. 

Permendur was developed for use in apparatus 
where very high flux densities are desired. For a 
moderate magnetizing force flux densities of 18,000 
and 23,000 gausses readily are obtained. It is used 
for cores and pole pieces in loud speakers, certain 
telephone receivers, light valves, and similar appara- 
tus. 

It may be seen from this survey that there is a 
great variety of magnetic materials with widely dif- 
ferent properties from which an engineer may choose 
in designing magnetic elements in which magnetic 
flux changes are essential. Already these alloys 
have an important place in telephone plant. How- 
ever, iron and silicon steel still are used extensively, 
and will continue to hold their own on a cost basis for 
some purposes. There is no doubt, however, that 
alloys of iron, nickel, and cobalt will continue to 
supplant iron and silicon steel in many places where 
circuits and apparatus are redesigned to take full ad- 
vantage of their magnetic properties. 
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Breakdown Curve 
for Solid Insulation 


A volt-time breakdown curve for solid 
insulation, constructed from test data ob- 
tained with the use of square edged elec- 
trodes, is given in this paper, considerably 
extending the range of information avail- 
able on this subject. 


By 
V. M. MONTSINGER General Electric Co. 
FELLOW A.I.E.E. Pittsfield, Mass 


Pee ok within the past few 
years, of the co-ordination of transformer insulation 
(with that of the station equipment and adjacent line 
insulation) has made the question of the dielectric 
strength of various types of insulation over the com- 
plete range of time a very important one. 

The 60 cycle characteristics of solid insulation for 
periods ranging from about one second to several 
hours is well known. Some information also has 
been available, for 2 or 3 years, on the impulse volt- 
time curve of breakdown of pressboard and linen 
paper insulations for short periods of time. These 
data showed that the breakdown strength became 
constant at 3 microseconds and remained constant as 
far as tested, from 15 to 20 microseconds for the 
pressboard and from 800 to 1,000 microseconds for 
thin linen papers. Until just recently very few, if 
any, reliable data have been available on the break- 
down characteristics of the heavier insulations (press- 
board) for periods ranging from around 20 micro- 
seconds to 1,000,000 microseconds (one second). 
The importance of this range of the characteristic 
curves of insulation has been forced upon the atten- 
tion of the industry by the disclosures of field in- 
vestigations that lightning waves having a duration 
of more than from 15 to 20 microseconds quite often 
are imposed on a substation and the connected 
apparatus. This apparatus also is often subjected 
to switching surges where the voltage may last only 
a few cycles, and the phenomena fall in this range of 
the characteristic curve. 

In figure 1 are shown the results of breakdown 
tests recently made on single sheets of oil treated 
1/15 inch pressboard immersed in oil at a temperature 
of 25 degrees centigrade, where the time ranged from 
a fraction of a microsecond to 480,000,000 micro- 
A paper recommended for publication by the A.J.E.E. committee on electrical 
machinery, scheduled for discussion at the A.I.E.E. winter convention, New 
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seconds (8.16 minutes). It may be noted that the 
curve can be divided into 3 distinct regions. 

The first region, marked A, extends from the begin- 
ning up to 3 microseconds. In this region the di- 
electric strength decreases quite rapidly with in- 
crease in the time of application of the voltage. This 
portion of the curve agrees very closely with the 
average of the data recently published’”"' on bar- 
riers composed of solid insulation (pressboard) and 
oil in series tested between a flat plane and a square 
edged electrode. A 2.5.x 40 microsecond positive wave 
was used in making these tests. Overvoltages were 
applied to obtain the short-time breakdown values 
which were measured by the cathode ray oscillograph. 

The second region, marked B, starts at the 3 
microsecond point and extends to around the 50,000 
microsecond (!/2 second) point. The dielectric 
strength is seen to be constant throughout this region. 

In the third region, marked C, the strength again 
decreases, rapidly at first and then more slowly, 
gradually becoming constant again. 

These 3 regions of the curve are somewhat similar 
to the “‘Three Regions of Dielectric Breakdown,” 
given in 1930 by Moon and Norcross,*® except that 
their case dealt with “strength vs. temperature,” 
whereas this case deals with “‘strength vs. time of 
voltage application.” ‘ 

It has not been possible to derive any single equa- 
tion of ‘‘breakdown vs. time” that fits the entire 
curve of breakdown, and it is very doubtful if one 
can be derived. It has been shown,’ however, that 
from 1 second to several hours’ time the volt-time 
curve can be expressed by a general equation of the 
form 


l-—a 
KV=K{a+— 
( FF) 


where 


(1) 


K = the one minute strength 
a@ = constant depending on the material, temperature, etc. 
T = time in minutes 


The 60 cycle test points so far obtained on this 
particular material indicate that the value of ‘“‘a” 
in equation 1 is 0.35. Time did not permit tests to 
be obtained for periods long enough to settle defi- 
nitely whether or not the curve flattens out at 35. 
per cent of the one minute strength as indicated by 
the formula. This part of the curve will be deter- 
mined later. 

The 1/, cycle breakdown points were made by 
applying a 1/, cycle wave starting from zero time. 
Breakdown occurred on the crest. Solid insulation, 
when subjected to an impulse wave, seldom breaks 
down beyond the crest of the wave, breaking down 
either on the front or crest, depending upon the 
magnitude of the applied voltage. 

It may be noted that there is very little change in 
the breakdown values when going from 1/; cycle to 
an alternating voJtage of 3, 7, 11, and 18 cycles of 
60 cycle frequency. 

Aside from the practical value of knowing the 
shape of the complete volt-time curve of solid in- 
sulation, as already mentioned, there is the interest- 
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ing question of the mechanism of breakdown through- 
out the entire range of time. Within the past few 
years the general theory of breakdown has received, 
perhaps, more speculation and experimental attack 
than any similar subject. In 1904 Townsend® 
attributed the breakdown to ionization by collision, 
and in 1922 K. W. Wagner® proposed the pyroelectric 
theory. This was later modified by Karman,’ 
Rogowski,* and Drefus.® Later, around 1927, Fock!® 
gave a complete mathematical solution not only for 
the resistivity law, p = poe-¥7, but also for the dielectric 
loss law, p = pie~*1/7, 

In any of these theories, it is questionable whether 
very short “time intervals’ were experimentally 
investigated. 

It seems quite certain that a mechanism in which 
‘time’ plays an important réle, as it apparently does 
in region C, does not apply to the entire curve; 
otherwise the dielectric strength would not remain 
constant over so long a period of time—from around 
3 microseconds to 50,000 or 100,000 microseconds. 

As to the cause of the decrease in the dielectric 
strength for very short intervals of time down to 
around 3 microseconds, it is suggested that this may 
be caused by a mechanical effect; that is, by a shat- 
tering effect of the voltage on the fibers. Another 
possible explanation is that the breakdown from near 
zero to 3 microseconds time is by ionization by col- 
lision of the electrons with the molecules during 
which period “‘time’ is a factor. Beyond this 
“time” nothing really happens (when voltage is 
slightly less than the 3 microseconds breakdown 
value) until heating or corona or both enter as factor. 

As to the effect of the sharp edges of the electrodes on 
the shape of the curve, regions A and C probably were 
affected to some extent inasmuch as most of the breaks 
(90 per cent or more) occurred at or near the edges. 
However, region B apparently was not affected, as 
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Volt-time curve of breakdown of !/1-inch oil-treated 
press board in oil at a temperature of 25 degrees 
centigrade. 
sketch. 


the 1/, to 18 cycle breaks were not confined to any 
particular part of the surfaces. 

The reason for using square edged electrodes 
instead of electrodes producing a uniform voltage 
field was that, as already stated, for co-ordination 
purposes it was desirable to know the shape of the 
curve under the worst electrode conditions because 
many insulations in electrical apparatus are not in 
uniform fields. To test solid insulation as a material 
only, of course, auniform dielectric field should be used. 

It should be understood that this paper is in the 
nature of a progress report, and that more exhaustive 
tests may change slightly some of the values, particu- 
larly the values at the 2 ends (regions A and C) of the 
curve. It is believed, however, that no material 
change will be found in the shape of the flat part of the 
curve (region B) when using square edged electrodes. 
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Segregation of Losses in 
Single Phase Induction Motors 


Methods of segregating the load losses in 
single phase and capacitor induction mo- 
tors are presented in this paper. Segrega- 
tion of losses affords a means for checking 
the accuracy of input-output tests, and is 
valuable in comparing motors of various 


designs. 
By 
G G. VEINOTT Westinghouse Elec. and Mfg. 
MEMBER A.1.E.E. Co., Springfield, Mass. 


T DATE, there are apparently no 
means published for segregating the load losses of 
a single phase induction motor. Because of this lack, 
and for other reasons, the proposed A.I.E.E. Test 
Code for Polyphase Induction Machines had to be 
limited to polyphase induction machines. This paper 
makes available methods applicable to the segrega- 
tion of load losses in single phase and capacitor in- 
duction motors. Segregation of losses affords a means 
for checking the accuracy of input-output tests as 
well as being of valuable assistance in analyzing and 
comparing various designs, and can pave the way for 
extension of the test code. Methods given in this 
paper have been in practical use for about 5 years on 
motors ranging from 1/3) to 3 horsepower. 


ASSUMPTIONS AND NOTATION 


In deriving the equations used in this paper, use 
is made of the cross field theory as first developed?! 
and as further developed in a previously published 
paper.” Use is made also of the revolving field 
theory,’ as illustrated by the equivalent circuit of 
figure 2. The assumptions in this paper are generally 
similar to those of the 3 papers just mentioned, that is, 
sinusoidal currents and voltages, sinusoidal space 
distribution of the stator windings—in other words, 
harmonic fields are considered negligible—90 degree 
displacement of stator windings, and a permeability 
of the iron parts independent of the flux density. 
In this paper, a further assumption is made that the 
primary leakage reactance is equal to the secondary 
leakage reactance; the procedure is clear enough 
however, so that anyone could go back to the basic 
equations and derive similar ones by the methods of 


A paper recommended for publication by the A.I.E.E. committee on electrical 
machinery, and scheduled for discussion at the A.I.E.E. winter convention, New 
York, N. Y., Jan. 28-31, 1936. Manuscript submitted Oct. 16, 1935; released 
for publication Oct. 31, 1935. 
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this paper, except taking into account unequal dis- 


tribution of reactance. ; 
The notation used in this paper is summarized as 


follows: 


E = impressed volts 

1, = primary resistance of main winding 

Y= secondary resistance, referred to main winding 

eu —ecealan short-circuit reactance. This is the reactance the 


motor would have if the secondary winding had zero resis- 
tance and were short-circuited 


LX m 
es x m + Xe 
X, = reactance of primary winding with secondary winding open- 
circuited 
X,—-xX 
K, = flux factor = Sat 
Kp = VK, 
tm = E/ Xx: m 
I, = primary current . 
I, = secondary current in transformer axis (used with cross field 
theory) 
I; = secondary current in cross field axis (used with cross field 
theory) 
I, = no load current 
5 actual speed 
yi; synchronous speed 
slip speed 
- ss synchronous speed 
Ry = apparent resistance to forward revolving field (see figure 2, 
also equation 26) 
R», = apparent resistance to backward revolving field (see figure 2, 
also equation 27) 
I, = measured primary current with rotor locked 


W, = measured primary watts input with rotor locked 
P + 7 = real component of impedance with rotor locked, defined in 


equation 2 
Q = reactive component of impedance with rotor locked, defined in 
equation 3, or ‘apparent short-circuit reactance” 
A = real component of main phase current (capacitor motors) 
B- = reactive component of main phase current (capacitor motors) 
Im = total main phase current (capacitor motors) 
g = real component of capacitor phase current (capacitor motors) 
h =reactive component of capacitor phase current (capacitor 
motors) 
I, = total capacitor phase current (capacitor motors) 
we E effective conductors in auxiliary phase 
K = winding ratio = = ——2<€£—_aNA]P__- 


effective conductors in main phase 


DETERMINATION OF MoToR CONSTANTS 


Segregation of losses in single phase motors differs 
from the segregation of losses in polyphase motors in 
3 important respects; (1) The no-load secondary 
copper loss in a single phase motor cannot be neg- 
lected, as shown in figure 4, when determining core 
loss; (2) the rotor copper loss under load conditions, 
cannot be computed directly from the slip and out- 
put by the simple familiar relation of equation 11; 
and (3) it is necessary to determine certain fundamen- 
tal constants of the motor. These fundamental con- 
stants are the open-circuit and short-circuit reac- 
tances and the actual rotor resistance. These 3 
constants, namely, Xo, X, and 7, can be determined 
from a reading of watts and amperes at full voltage 
with rotor locked—primary resistance to be measured 
immediately at end of ‘“‘locked’’ reading—and a 
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reading of no load amperes. The primary resistance 
r; can be measured directly by means of a bridge, as 
eddy current losses in the primary conductors usually 
can be neglected. 

Unfortunately, the interpretation of the no load 
and “‘locked’’ readings is slightly more involved than 
might be supposed. Using the cross field theory as 
developed in a previous paper? by the author, P. H. 
Trickey(Diehl Manufacturing Company, Elizabeth- 
port, N. J.) gives the following expression for locked- 
rotor current in some unpublished work: 


ae 1 
ee GeuP ts oO oS 
where 
~. rKr %2(Xo Ce Xx) 2 
Bo Lt (e/X0)? Koll + (e/X0)' @) 
Brats 

ae x x, (3) 

oy 


1 + (72/Xo)” 


Equation 1 was derived directly from equation 9 of 
the author’s previous paper”? by putting S = 0. 
Trickey later derived the same identical equation by 
using the circuit of figure 2. 

The no-load current from equation 44 of this same 
paper,” is 


Beck 
Wwe 


(4) 


Equation 4.is also very readily derivable from the 


equivalent circuit of figure 2 by putting s = 0. Thus, 
equations 2, 3, and 4 are valid either on the basis of 


Fig. 1. Representation of the 
| single phase induction motor, based 


upon the cross field theory 
De 
AX: 


the cross field theory or on the basis of the revolv- 
ing field theory, as all 3 were derived by each theory 
separately. 

In terms of test results, P and Q are, of course, 
as follows: 


(5) 
r, being measured directly after the locked reading. 


os 
e=-¥(z2) - Ca) 


The most accurate method for determining the 


(6) 
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desired quatities 7,, X, and X, from the known values 
Io, P, and Q is by simultaneous solution of equa- 
tions 2, 3, and 4, which yields 


E E 2 
xX =-—-— Ease a P? 
W \(7 ) e 


(7) 


2E 
X=—— xX (8) 
0 ip 
PX, 
= 9 
f2 x, = 0 ( ) 


It should be noticed that Q, the apparent short- 
circuit reactance of the motor is always larger than 
the ‘‘ideal’’ short-circuit reactance, X. This in- 
crease in apparent reactance is actually attributable 


Fig. 2. Equivalent 
circuit of single 
phase induction 


motor, based upon 
the revolving field 
theory 


to the rotor resistance. Except for high resistance 
rotors, such as found in single-value capacitor motors, 
it is usually accurate enough for segregated loss 
measurements to take simply X = Q and to proceed 
using equations 8and9. When doubt exists, however, 
it is safer to use equation 7. 

The necessary fundamental constants having been 
determined, one now can proceed to segregate the 
losses. 


PRIMARY AND SECONDARY COPPER LOSSES 


The primary copper loss is simply J,” 7, care 
being taken to correct 7; to the proper temperature. 

In polyphase induction motors, secondary copper 
loss is a simple function of slip and output: 


Ss 


Secondary /?R = (output + friction) (11) 


aS 
In single phase motors, no such simple relationship 
exists, as will be shown in the following analysis. 
Let 6 and c be arbitrary constants, defined by the 
following relations: 


pe secondary main field copper loss (2 
me output + friction + cross field core loss ) 


secondary cross field copper loss a 
c= 
output + friction + cross field core loss (13) 


(The cross field core loss and friction are treated here 
as part of the mechanical output.) 
Referring now to the performance calculation 
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Fig. 3. Secondary copper losses in a single phase 
induction motor 


Slip is expressed as a decima! fraction of synchronous speed 


schedule for single phase induction motors, given in 
a previously published paper,’ 


Item 27 
I) oe 14 
Item 30 eo) 
Item 28 
= 15 
: Item 30 eee 


When 7, 72, X, and Xp are substituted into equa- 
tions 14 and 15 in accordance with the formulas 
given in that paper, and the resulting expressions 
are simplified, 7, and X drop out and equations 14 
and 15 become 


(1 — S%)? + (72/Xo)? 


Ta) — CEOS (16 
Re ee 

eS (l= S?) = (2/Xo)? (17) 

Now, let 

yen us total secondary copper loss as) 


oi output + friction + cross field core loss 


Adding equations 6 and 7 and simplifying there is 
obtained for the total secondary copper loss, 
_1-s 2 (r2/Xo)? 

S? [(1 — S?) — (72Xo)?] S? 


Qa 


(19) 


or in terms of slip, equation 19 is 


i s(2 = Ss) 2 (r2/X 0)? 
es)! C=) — 6/XoT tS 20) 
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Equation 20 is the relation sought between secondary 
copper loss and output. In figure 3, the ratio a is 
plotted against slip, s, with the quantity %2/Xo as 
parameter. Thus, in a single phase induction motor, 
the ratio 7,/X) must be known in addition to the 
slip, to determine the rotor copper loss at any given 
output. 


CorE Loss AND FRICTION 


Both primary and secondary copper losses must 
be subtracted from the running-light input to obtain 
core loss and friction as shown in figure 4. The 
secondary copper loss when running light is, using 


the cross field theory, 
I,'rs + I,’r2 = 21,°r2 (21) 


since I, = I; at synchronous speed. Since [2 is not 
directly measurable, it is convenient to express it in 
terms of the primary current, Jy as follows: 


2 


ia rains tm (Equation 42 of a previous paper?) (22) 
etn 
LD oy , : 
ig 2 SS (Equation 43 of a previous paper?) (23) 
eee 
Dividing equation 23 by equation 22, 
In K 
= oa p (24) 
and 
21h Kp)? ro ; 
No load sec J?R = 21, r, = als Bol Oe OQ: Kpite kat (25) 


4. 


which is a simple, convenient equation for practical 
use. Core loss may be separated from friction by 
extrapolating the curve of total input minus pri- 
mary and secondary copper losses to zero volts as 
shown in figure 4. 


Stray Loap LOSSES 


In the author’s experience, stray load losses in 
single phase induction motors are of negligible im- 
portance. This conclusion was reached after the 
methods of this paper had been in use for some time 
to check brake tests, and no noticeable evidence of 
stray load losses was found. Undoubtedly, however, 
this point ought to be investigated and reported 
upon by others. 

_ Three reasons for the apparent absence of stray 
load loss may be offered: 


1. The per cent increase in primary current from no load to full 
load is much less in a single phase motor than in a polyphase motor; 
therefore, part of the losses that would appear as stray load losses 
in a polyphase motor actually would appear ina single phase motor 
as core loss. 


2. Since a tested value of 7; must be used to compute rotor copper 
loss in a single phase motor, it is possible that part of the stray load 
loss appears as rotor copper loss. 


3. Since the methods of segregation of losses in single phase induc- 
tion motors are inherently less accurate than those for polyphase — 
motors, it may be more difficult to detect stray load losses by input- 
output tests. 
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ILLUSTRATIVE EXAMPLE 


A 1/,-horsepower, 6-pole 60-cycle 110-volt split-phase motor tested 
as follows: 


By Brake Test 


Full load current = 3.17 amperes 
Full load input = 205 watts 
Full load speed = 1,160 rpm 
Full load slip = 0.0333 


7, hot = 1.15 X 2.48 = 2.85 

r, after locked reading 2.54 

r, after running saturation 2.65 
Locked-rotor watts, at 110 volts 


= 851 Efficiency = 60.6 per cent 
Locked-rotor amperes, at 110 
volts = 11.65 Power factor = 0.588 


Induced voltage at full load = 110 — (8.17 X 2.85 X 0.588) = 
104.7 volts 
No load current Jp at 104.7 volts (from figure 4) 


851 
11.62? 


2 9 
From equation 6, Q = \ ae = 851 ? 
11.65 11.65? 


2.58 amperes 


From equation 5, P = 


— 2.54 = 3.76 


ll 


7.04 


‘ 104.7 104.7 2 
From tion 7,X = —— — ee ae 72 
om equation 2.58 \( PES 701) + 3.762 = 6.8 
2 1047 
F tion 8, X» = ——— — 6.8 = 74.2 
rom equation 0 2.58 
3.76 X 74.2 
F HELO 190 Op 
rom equation 9. 72 74.2 — 7.04 5 
t 25d Chee Seo. 
ee rene car: ae "eae 


r, hot = 4.05 XK 1.15 = 4.66 


4.66 
ote 0.068 
nm/Xo= 75 ? 
74.2 — 6.8 
ae 0.910 
e 74.2 


The primary copper loss during the running saturation is 2.65 l?. 
The rotor copper loss during the running saturation is, from equa- 
tion 25, 


; 2.65 ; 
I? X 0.5 X 0.910 X 4.05 X 575 = 1.97 1 
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From the foregoing, the primary and secondary copper losses were 
computed at each voltage step in the running saturation curve of 
figure 4 and subtracted from the input as shown. From figure 4, 
Core loss + friction loss (at 104.7 volts) = 26.2 
Friction loss = 1.5 
Full load core loss = 24.7 
The full load core loss may be divided arbitrarily into, 

Cross field core loss = 12.3 
Main field core loss = 12.4 
From equation 20 


ll 


_ 9.0333 1.967 2 X (0.0629)? 


= 0.207 
0.9672 [0.0333 X 1.967 — 0.06297] 0.9672 

Now, the losses may be computed: 

Cross field core loss = 12.3 watts 
Friction loss = 1.5 watts 
Output = 124.3 watts 
Output + friction loss + cross field core loss = 138.1 watts 
Secondary copper loss = 0.207 X 1388.1 = 28.6 watts 
Main field core loss = 12.4 watts 
Primary copper loss = 3.17? XK 2.85 = 28.6 watts 


Total input = 207.7 watts 
Efficiency, by losses = 124.38/207.7 = 60.0 per cent 
Efficiency by input-output = 60.6 per cent 


Segregation of losses on this motor is now complete. 


ALTERNATIVE METHOD OF COMPUTING SECONDARY 
CoprPpeER Loss UNDER LOAD BY THE REVOLVING 
FIELD THEORY 


Using the equivalent circuit of figure 2, it may be 
shown that 


0.5 IK 12 
5 
Ri ea ee (26) 
XS 2 
ie ( ) 
s 
0.5 K; 12 
Pes = fe BO ek (27 
ee fpani ro/Xo \? ) 
2S : 
The secondary copper loss is 
0.5K, 12 3, 0.5K, Y2 
I? sRe + 1? (2 —s) Rp = 1,2 to/Xo\? %2/Xo \* 
a1 Urea Bw Wee = 
S 2 85; 
(28) 
In the illustrative example, 
Secondary copper loss = 3.172 X 
0.5 X 0.91 X 4.66 0.5 X 0.91 X 4.66 
, (0.0629) 0.0629\? | = 26.0 watts 
0.0333 1.967 


This value checks quite well with the value, 28.6 
found by use of the cross field theory. Equation 28 
is probably a trifle easier to use than equation 20. 
In thus making use of the revolving field theory, 
the rotor copper loss is computed from the measured 
value of primary current instead of from the out- 
put as was done when the cross field theory was used. 
Whether it is inherently and fundamentally more 
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accurate to use output in preference to primary cur- 
rent, is undoubtedly a debatable question. For 
polyphase induction motors, the output is used for 
computing the secondary copper loss. 


SEGREGATED Loss MEASUREMENTS 
IN A CAPACITOR MOTOR 


Core loss and friction in a capacitor motor may be 
determined by testing the motor running solely on 
the main winding. The method is the one described 
in the preceding paragraphs. The primary copper 
losses under load can be computed very simply from 
the measured values of currents in each of the 2 
phases and the respective primary resistances of the 
2 phases. The loss in the capacitor unit is determined 
by making a separate measurement of the watts in- 
put to the unit at rated frequency and at a voltage 
which gives capacitor phose current at full load. 

There remains, then, only the secondary copper 
loss to be found. Morrill has shown, in equation 8 
of his paper’ that the equation for the average torque 
of a capacitor motor, in synchronous watts is 


T = [Im? + (KIa)?|[Ry — Ro] + 2K[Ah — Bgl[Ry + Ro] (29) 


The terms of this equation may be rearranged to 
show the torque components produced by the forward 
and backward fields, thus: 


T = [Im’ + (KIq)? + 2K (Ah — Bg)] Ry — Um? + 


(KIa)? — 2K(Ah — Bg)] Ry (30) 


Now, the secondary copper loss of a polyphase induc- 
tion motor is equal to the synchronous watts multi- 
plied by the slip. Since the slips of the forward and 
backward fields are s and 2 s, respectively, it is 
evident that 


Secondary /?R due to 
forward field 


Secondary J?R due to 


= [Im? + (KIq)? + 2K (Ah — Bg)] sRy (31) 


Pa Wais ar (KIq)? = CAS (Ah = Bg)] 


backward field (2 —s) Ry (32) 
By substituting from equations 26 and 27, 
Secondary /?Rdueto | _ 2 Rs 
heard field = [Im + (KIg)? + 2K (Ah — Bg)] X 
0.5 Ky 
ee (3) (33) 
al 


Secondary J?R due to j 
backward field = [Im" + (KIg)* — 2K(Ah — Bg)] x 


0.5K, io) 
hae & Hi (34) 
2-—s 


In equations 33 and 34, K is the only unknown. 
Sometimes it is obtainable from design data. If not 
it can be obtained by means of a winding ratio test. 

Winding Ratio Test. Run the motor at rated vol- 
tage, E,,, on the main winding only and measure 
E,’, the auxiliary winding voltage. Impress E,, 
arbitrarily chosen as approximately 18 per cent more 
than £,’ (the underlying idea is to operate the motor 
at normal airgap flux), upon the auxiliary winding, 
and run the motor on the auxiliary winding; then 


1306 


measure E,,’, the voltage across the main winding. 
The winding ratio is, 


(35) 


ILLUSTRATIVE EXAMPLE—CAPACITOR MOTOR 


A ‘'/s-horsepower 60-cycle 1725-rpm 2-value capacitor motor 
yielded the following constants: 


Hot resistances: 


Main winding = 71, = 1.68 X = 4,79 

Auxiliary winding = rig = 3.97 Xo = 74.2 

Ye = 3500 Ky = 0.935 

2/Xo = 0.0505 Core loss = 20.1 
0.5Ky ro = 1.753 Friction loss = 11.0 


Effective resistance of capacitor = R, = 2.88 


The primary resistances were measured by a bridge, and 72, X, Xo,, 
core loss, and friction were determined by the methods of this paper. 


Test Values 
Full Load Amperes 


Full Load Computed From Test 
Full Load Amperes, 
Watts Total Real Reactive 
Main phase 150 2.31 A = 1,362 B= — 1.87 
Auxiliary 
phase 99 1.09 g = 0.90 he 0.61 
Line 249 2.00 


Full load slip = 0.0333 


K (known from design constants) = 1.274 
Im? + (KI)? = 2.312 + (1.09 & 1.274)? = 7.26 
2K (Ah — Bg) = 2 X 1.274 |1.862 X 0.61 — (—1.87 X .90)] = 6.40 


; 1.7538 
From equation 26, sR¢ = ——~7———_, = 0.531 
0.0505 \? 
0.0333 
1.753 
EF HON, (B= Ode, S eee OS TS 
rom equation ( s) Rp 0.0505\2 5 
1.967 


The losses may be summarized as follows: 
Secondary J?R due to forward field, by equation 


23 = (7.26 + 6.40) X 0.531 = 7.25 watts 
Secondary J?R due to backward field by equation 

34 = (7.26 — 6.40) X 1.753 = 1.51 watts. 
Main winding copper loss = 2.312 * 1.68 = 9.0 watts 
Auxiliary winding copper loss = 1.09? 3.97 = 4.7 watts 
Capacitor unit loss = 1.09? X 2.88 = 10.2 watts 
Core loss and friction loss = 31.1 watts 
Total losses = 63.8 watts 
Output = 186.5 watts 
Input = 250.3 watts 


Efficiency by losses = 186.5/250.3 = 
Efficiency by brake test = 186.5/249 = 
Segregation of losses on this motor is now complete. 


74.5 per cent 
74.9 per cent 
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Telephone Noise and Power Wave Shape 


Since the original introduction of devices 
for measuring or rating the wave shape of 
power system currents and voltages in terms 
of their influence on exposed telephone 
circuits, much additional work on_ this 
problem has been done; the results of this 
work are reported in this paper. In part I, 
a curve of relative interfering effects based 
upon recent studies is presented, the char- 
acteristics of a meter for measuring tele- 
phone circuit noise are described, and the 
results of a comprehensive series of tests on 
the adequacy of this meter are presented. 
Ip part Il, a new telephone influence factor 
weighting curve is presented, and a com- 
parison is given between results obtained 
by meters embodying weighting networks 
based upon the new and old curves. 


By 
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S85 of noise frequency induc- 
tion problems involving power and telephone systemis 
have shown that power system wave shape and tele- 
phone circuit noise commonly contain a number of 
harmonic frequencies, the important ones lying in 
the range between about 150 and 3,000 cycles. Due 
to the characteristics of telephone equipment and 
the human hearing mechanism there is a wide range 
in the relative effect of the different frequencies. In 
the evaluation of inductive co-ordination problems, 
and the determination of the effectiveness of remedial 
measures, it is not sufficient to know the magnitudes 
of the various frequencies present. It is also neces- 
sary to have some over-all measurement of the wave 
shape and noise which bears a definite relation to the 
effects of noise on a person using a telephone. 
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New York, N. Y., Jan. 28-31, 1936. Manuscript submitted Sept. 27, 1935; 
celeased for publication Nov. 1, 1935. 
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Of fundamental importance in this problem are 
the relative interfering effects of various frequencies 
and the manner in which the individual frequencies 
combine to produce the over-all result. These fac- 
tors were discussed in a paper presented before the 
A.I.E.E. in 1919 by H. S. Osborne,! in which the 
telephone interference factor meter for measuring 
power system wave shape in terms of its influence on 
telephone cirucit noise was first proposed. Since 
that time a large amount of additional work has been 
carried out on this problem. Part I of this paper 
discusses a curve of relative interfering effects based 
upon the results of this work, describes the charac- 
teristics of a meter for measuring telephone circuit 
noise, and gives the results of a comprehensive series 
of tests on the adequacy of this meter, with particu- 
lar reference to the accuracy of the curve of relative 
interfering effects, carried out under the auspices of 
the Joint Subcommittee on Development and Re- 
search of the Edison Electric Institute and the Bell 
Telephone System. Part II presents a new tele- 
phone influence factor weighting curve for rating 
wave shape based on the data on relative interfering 
effects of the single frequencies, reviews the factors 
included in the derivation of the telephone influ- 
ence factor curve, and compares the results obtained 
by meters embodying weighting networks based on 
the new and old curves. 


Part I—Measurement of Telephone Circuit Noise 
GENERAL 


The effect of a given amount of noise on a tele- 
phone circuit is a complex one, including the mask- 
ing of speech sounds, distraction of the listener’s 
attention, and annoyance, and may be modified by 
various factors such as the noise in the room where 
the telephone is used, talking volume, efficiency of 
the telephone circuit, and the reactions of the listener, 
including the manner in which he uses the telephone. 
It is not practicable in the day-by-day maintenance 
of telephone circuits to measure all these effects of 
noise directly. Rather, it is necessary to make some 
measurement of the circuit noise which may be re- 
lated to its effect on telephone transmission. It is 
desirable that the measuring devices used should 
measure different circuit noises as equal when they 
produce equal interfering effects on telephone trans- 
mission. 

Two methods of measuring telephone circuit noise 
are at present in use in the Bell System. One of 
these methods is subjective, i. e., uses the human hear- 
ing mechanism as a part of the measuring apparatus, 
and the other is objective or yields noise measure- 
ments without the aid of the human hearing mecha- 
nism. 
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RELATIVE INTERFERING EFFECT 


A— RECEIVER CURRENTS 
B— LINE CURRENTS OR VOLTAGES 


0 1000 2000 3000 4000 
FREQUENCY , CYCLES PER SECOND: 


Relative interfering effects of telephone 
circuit noise currents 


niga th. 


The subjective method is the older of the 2 and has 
been in use for a number of years. It consists of 
comparing, in a telephone receiver, the noise to be 
measured with a noise generated by means of a stand- 
ard buzzer. The observer may control the magni- 
tude of the buzzer noise by means of a potentiometer 
until in his judgment it is as disturbing as the noise 
to be measured. When a balance has thus been 
made, the result is read directly from the potentiome- 
cer. 

The objective method of noise measurement has 
been made available within the last 6 years. It con- 
sists chiefly of an electrical network for the weighting 
of the various single frequency components of a noise 
in as close accordance as practicable with their inter- 
fering effects on telephone transmission, and a cali- 
brated amplifier to raise the energy level of the 
weighted components sufficiently to operate an elec- 
tric meter. ; 

One advantage claimed for subjective methods is 
that they employ the human hearing mechanism, so 
that it would seem that noises of different types 
should be measured as equal when they produce equal 
interfering effects. This apparent advantage is ac- 
companied by the disadvantage, however, that the 
sensation produced by a given stimulus varies widely 
for different individuals and for the same individual 
at different times, so that the average of several meas- 
urements by each of several observers is needed for a 
reasonably accurate result. Also, the theoretical 
advantage claimed for a subjective method of the 
comparison type described above is somewhat doubt- 
ful, as tests have indicated that even when the aver- 
age results from several observers are used, the re- 
sults for noises of different types do not always agree 
with tests of the interfering effects of these noises 
made in the presence of transmitted speech. 
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The chief operating advantages of the objective 
method are the reproducibility of the results and the 
ease and speed of making measurements. Its dis- 
advantage lies in the difficulty in determing the com- 
plex nature of the hearing mechanism and simulating 
its characteristics sufficiently well in objective ap- 
paratus. Some of the qualities which would be de- 
sirable in circuit noise measuring instruments will be 
discussed as well as the means employed in realizing 
these qualities. 


INDICATING NOISE METERS 


Noise currents of the same magnitude but of differ- 
ent frequencies may produce different effects on tele- 
phone transmission. The earliest work of impor- 
tance in the development of the objective noise meters: 
was directed toward a determination of the relative 
interfering effects of different single frequency tones. 
Two types of tests have been used for this purpose, 
(a) judgment tests and (0) articulation tests. 

In general, judgment tests are set up in such a 
manner that the observer may compare directly 2 
noises in the presence of speech heard over a repre- 
sentative telephone circuit. One of the noises is 
usually variable in magnitude and is controlled either 
by the observer or by the person conducting the 
tests. The 2 magnitudes which the observer judges 
to be equally disturbing can be measured at a given 
point in the telephone circuit and, in the case of 


single frequency tones, the relative weighting which 


should be applied at that point in the telephone cir- 
cuit to the 2 tones of different frequency may thus. 
be determined. By using results from a number of 
observers an average judgment of the relative inter- 
fering effects of the 2 noises may be obtained. 

An articulation test consists essentially in calling 
a number of meaningless monosyllables over a cir- 
cuit to a group of observers, each of whom records. 
the sounds that he hears. The percentage of sounds. 
correctly received is termed the sound articulation. 
for the particular condition tested. Usually each 
syllable is made up of three sounds (consonant-vowel- 
consonant) placed in, or at the end of, a sentence, 
though variations in this technique are sometimes. 
used.” On a given circuit 2 different noises which 
produce the same loss in articulation would usually be 
considered as equally interfering. As before, in the 
case of 2 different single frequency noises, measure- 
ments at a given point in the circuit could be used to. 
determine the relative weightings to be applied to the 
2 noise frequencies. 

In 1919 the results of judgment and articulation 
tests on the relative interfering effects of different 


single frequency tones were published in the paper 


by H. S. Osborne.! Since that time several other 


sets of tests have been made, both of the articulation » 


and of the judgment types, in order to check values. 
previously obtained and to bring them up to date. 
Noise in the frequency range containing the trans- 
mitted speech frequencies most important to under- 
standing, interferes with understanding more than 
noise in some other frequency range. On the other 
hand, certain noises produce a harmful effect through 
annoyance rather than through masking. Thus the 
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“ 


Ae 


_ mission characteristics of the telephone plant change. 


. 


‘relative interfering effects of different single fre- 


quency tones on a telephone circuit are dependent 


not only upon the characteristics of the human hear- 


ing mechanism but also upon the characteristics of 
the telephone system and may change as the trans- 


From the results of 2 sets of judgment tests and 3 
sets of articulation tests, made between 1914 and 
the present time, a single curve of relative interfering 
effects of different single frequency tones? has been 
derived. This is shown in curve A of figure 1. In 
deriving it, account has been taken of the trend 
toward telephone message channels having a more uni- 
form frequency reponse than those used in the past, 
so that it is expected that this curve and the appara- 
tus based upon it will be useful for a period of years.* 

The types of noise usually encountered on tele- 
phone circuits are not single frequency but are rela- 
tively complex. Hence, it is necessary not only that 
the proper weighting be used, but also that the 

method by which the different single frequency com- 
ponents are summed in the human hearing mecha- 
nism be simulated in the noise meter. 

Information on how single frequencies combine in 
the human ear is at present incomplete, but it is evi- 
dently a very complicated function depending on, 
among other things, the frequency separation of the 
components, their levels, their frequencies and prob- 
ably upon their steadiness. Under these circum- 
stances it was thought best to incorporate a definite 
rule of combination in a noise meter and then make 


» tests to see how near it came to measuring as equal 


various complex noises of the types ordinarily en- 
countered in practice which, by tests, produced equal 
interfering effects. The rule of combination adopted 
was the rule by which each single frequency con- 
tributed to the total meter reading in proportion to 
its weighted power. (This is the equivalent of the 
familiar root-sum-square rule for summing currents 
or voltages.) 

In addition to requirements for weighting and rule 
of combination, it was thought desirable to employ 
an indicating instrument in which the change of 
reading was about as rapid as the change in apprecia- 
tion of loudness in human hearing. From published 
results‘ and confirming tests it was determined that, 
on the average, the indicating instrument should 
reach a full deflection for sounds lasting 0.2 second 
or longer. ; 

Under these general specifications a few models of 
circuit noise meters were built and 2 series of tests 
were made to determine their adequacy for measur- 
ing circuit noise. These tests were made by the 
Joint Subcommittee on Development and Research 
of the Edison Electric Institute and the Beil System. 
The first was a rather extensive series of articulation 
tests on open-wire toll circuit noise, and the second 
was a series of judgment tests on noise of the type 
arising by induction in telephone circuits exposed to 
a-c circuits supplying rectifiers. 


* The articulation and judgment tests mentioned here also contributed largely 
to the selection, by the C.C.I.F. (international advisory committee on teleph- 
ony), of a curve of relative interfering effects of single frequency tones ex- 
pressed in terms of voltage across the receiver, which it has recommended as a 
basis for noise measurement on international circuits. The weighting given in 
curve A of figure 1, when expressed in similar terms is in conformity with the 
weighting recommended by the C.C.I.F. 
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ARTICULATION TESTS ON OPEN-WIRE CircuiT NOISE 


In preparation for the articulation tests® on open- 
wire circuit noise, 2 surveys were made: one of 
open-wire circuit noise at 6 of the important toll cen- 
ters in the United States (New York, Chicago, Pitts- 
burgh, Cincinnati, St. Louis, Atlanta) in order that 
the circuit noises tested might be representative of 
those actually encountered in practice; and the other 
of room noise in telephone locations, in order that the 
room noise conditions used in the articulation tests 
might simulate those at telephone locations. 

In the circuit noise survey, frequency analyses 
were made of the circuit noises found on a represen- 
tative number of the toll circuits entering each toll 
center. These analyses were studied and classified 
and actual circuit noises, representative of each classi- 
fication, were recorded on phonograph records. It 
was found possible to represent the noises measured 
in the survey by means of nine samples of actual cir- 
cuit noise, phonographically recorded. These noises 
were used as a means of determining the adequacy of 
the noise measuring devices, using articulation as the 
criterion of interfering effect. A frequency analysis 
of a representative of these noises is shown in 
figure 2. 

In connection with the room noise survey® a study 
was made concerning the distribution of telephone 
calls, among cities of different population and among 
business and residence locations in the United 
States. Room noise was measured in about 205 
telephone locations selected in accordance with the 
results of this study. After studying the results of 
the survey a room noise was recorded in which the 
frequency composition and the sources of noise 
(people talking, doors closing, etc.) were representa- 
tive of the room noise present in an average telephone 
location. 

The telephone circuit used in the articulation tests 
was a representative toll connection consisting of a 
toll circuit having about 10 decibels loss connected 
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at either end to toll switching trunks, local loops, and 
telephone sets. 

The weighting to be applied to single frequency 
noises depends upon the point in the circuit at which 
the noise is measured. The weighting shown in 
curve A, figure 1, is for current in the receiver of the 
telephone set. Curve B of this same figure shows 
the weighting at the end of the toll circuit, which is 
somewhat different from that in the receiver, due to 
the transmission characteristics between these 2 
points. In practice it is more convenient to measure 
toll circuit noise at the end of the toll circuit than at 
the subscriber’s receiver. Based on curve A of 
figure 1 and measurements relating current in the 

receiver to current in the toll circuit, the weighting 
shown on curve B for use at the end of the toll cir- 
cuit was derived and built into the model noise meter 
used in these tests. This noise meter also contained 
a weighting suitable for use in making measurements 
of noise voltage across the receiver rather than meas- 
urements of noise current in the receiver. This was 
done only for convenience, the weighting employed 
being directly related to that shown on curve A of 
figure 1 by means of the impedance of the receiver at 
the various frequencies. Because of the small 
amount of distortion between the end of the toll cir- 
cuit and the telephone set terminals of the subscrib- 
er’s loop, weighting B of figure 1 applies about equally 
well to all points in a telephone circuit between tele- 
phone sets. 

Both the noise meter and the ear balance measur- 
ing device (subjective method described in an early 
paragraph of part I) were used in measuring the vari- 
ous types of noise tested. It was assumed that when 
under a given set of conditions, certain magnitudes 
of the different types of noise produced the same ar- 
ticulation loss, the magnitudes should be measured 
as equal by a desirable noise measuring device. The 
extent to which a noise measuring device approached 
this desirable requirement was determined by exam- 
ining the difference between measured amounts of 
the various types of noise which produced a given 
articulation loss. 

The noise meter measured the weighted noise 
power in each of the various types of noise in terms of 
decibels above an arbitrarily chosen reference power. 
The power which has been selected as the reference 
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for circuit noise meter readings is 107’? watts at 
1,000 cycles. 

In the ear balance measuring device, the poten- 
tiometer is calibrated in terms of millionths of the 
current output of the buzzer flowing through the re- 
ceiver used in making the balance. Thus the read- 
ings of this device are current type units, and have 
been named ‘“‘noise units.” 

Hither type of unit may be converted to the other 
type by means of experimentally determined rela- 
tions.° 

The articulation tests showed that when toll cir- 
cuit noises of various types produced equal losses in 
articulation under the given set of telephone condi- 
tions, they were measured as substantially equal by 
both objective and subjective methods of measure- 
ments. The objective method gave a slightly better 
correlation than did the subjective even though 18 ob- 
servers were used in the ear balance tests. The re- 
lations between articulation and meter readings of 
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Fig. 4. Analysis of average rectifier noise 


noise for 9 types of noise, obtained with handset tele- 
phone instruments, are given in figure 3. These re- 
lations show fairly good agreement among meter 
readings of the different noises for a given value of 
articulation. Similar relations obtained for the 
desk stand telephone instrument showed about 
equally good agreements. These agreements among 
meter readings of different noises were obtained both 
when the measurements were made at the end of the 
toll circuit and when they were made at the receiver 
of the telephone set, using the weightings designed 
for use at these respective points. 

By comparing the relation between meter readings 
and articulation for the more complex noises with 
that for those less complex, it was found that the 
method of allowing each single frequency to contrib- 
ute to the total meter reading in proportion to its 
weighted power (root-sum-square rule of addition 
for currents or voltages resulted in meter readings 
for complex noises which were somewhat lower than 
those for less complex noises producing equal articu- 
lation loss. This indicated that the rules of com- 
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bining different component frequencies in the human 
ear and in the noise meter were somewhat different. 
It was considered, however, that because of the small 
differences between the results with complex noises 
and those less complex, the rule of summing the 
weighted powers in the various single frequencies 
would be sufficiently accurate for meter measure- 
ments of noise of the type tested. 

These results were gratifying since it was apparent 
that a meter which would rate noises somewhat more 
consistently than a subjective method employing a 
group of 18 experienced observers was a distinctly 
superior noise measuring device. Moreover, the 
tests were sufficiently extensive to make the results 
quite reliable. A total of approximately 300 articu- 
lation tests were made on the 9 types of noise, in each 
test about 2,300 syllables being recorded, correspond- 
ing to about 7,000 sounds. Thus, in the noise tests 
with the 2 telephone sets, over 2 million sounds were 
recorded. In successive tests, the percentage of 
sounds correctly received could be repeated to within 
_ about one per cent. 


JUDGMENT TESTS ON RECTIFIER NOISES 


None of the 9 noises used in the articulation tests 
had components of importance above 2,000 cycles. 
With the trend toward the greater use of rectifiers 
on power circuits it appeared desirable to make some 
further tests of the noise meter on noises arising from 
such sources, since these noises may contain impor- 
tant components at frequencies above 2,000 cycles. 
Arrangements were therefore made for judgment 
tests to be carried out on representative rectifier 
noise and high-frequency noises derived therefrom. 
A representative open-wire noise from the 9 noises 
used in the articulation tests was used as a compari- 
son noise so that the 2 series of tests could be re- 
lated. Judgment tests, rather than articulation 
tests, were used both because they were more prac- 
ticable to make in this case, and because in cases 
where the chief interfering factor may be annoyance, 
observers’ judgment is probably as good a criterion 
of interfering effect as articulation. 

A representative telephone circuit was used similar 
to the one used in the articulation tests. In some of 
the tests 10, in others 20, observers were used. 
Papers and periodicals were read over the telephone 
circuit to each observer who was able to switch on 
alternately the fixed amount of open-wire noise or 
one of the other noises which he could vary in mag- 
nitude. When, in his judgment, one noise was as 
interfering as the other, measurement of each noise 
was made both with the model noise meter and with 
the ear balance noise measuring device. 

The noises tested included, in addition to the rep- 
resentative open-wire noise used as a comparison 
noise, (a) a noise with a frequency make-up about 
the average of the rectifier noises so far analyzed in 
surveys made under the auspices of the Joint Sub- 
committee on Development and Research of the 
Edison Electric Institute and Bell System, and (0) 
3 bands of noise derived from this, each 500 cycles 
wide with centers at 2,050, 2,560, and 3,150 cycles, 
respectively. These bands of noise were intended 
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to simulate conditions in which resonances in coupled 
power supply and telephone systems might effec- 
tively amplify harmonics falling in certain frequency 
ranges. A frequency analysis of the average recti- 
fier noise is shown on figure 4. 

The tests showed that for amounts of these recti- 
fier noises judged to be equally interfering, neither 
the meter measurements nor the ear balance meas- 
urements were as nearly equal as in the case of the 
open-wire noises tested by means of articulation. 
For each of the noises tested appreciable deviations 
were observed in the magnitudes judged to be equally 
interfering by different observers. Since this could 
easily be due to perculiarities in acuity of hearing of 
the various individuals, the hearing of each observer 
was tested and no result was used from any observer 
whose acuity departed greatly from normal in any 
of the frequency ranges occupied by important com- 
ponents of the noise. The average deviations were of — 
the order of 50 per cent of the average magnitude of 
noise current. This serves to illustrate the difficulty 
in judging relative interfering effects when there is a 
great difference in the types of noises compared. In 
practice, where the telephone system is used by per- 
sons with widely different hearing acuities, the aural 
effects of bands of noises such as those tested will, of 
course, vary still more widely. 

On the average, the noise meter rated the rectifier 
noises as well as did the ear balance method with ten 
observers. Figure 5 shows meter and ear balance 
measurements of both open-wire noises and rectifier 
noises producing the same interfering effect as de- 
termined by articulation and judgment tests, re- 
spectively. The 2 sets of tests have been related by 
means of the open-wire noise shown in figure 2 which 
was used as the comparison noise in the judgment 
tests. Since all the noises produced the same inter- 
fering effect, an ideal measuring device would meas- 
ure them all as equal. Hence, a horizontal line con- 
necting measured magnitudes would indicate an ideal 
measuring device. The approach to the ideal can 
therefore be studied by noting how nearly horizontal 
are the lines connecting the magnitudes given by 
any measuring device. It may be seen that the 
values given by the meter are somewhat more con- 
stant than are those given by the ear balance method 
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of measurement. It is also apparent that the corre- 
lation is not so good for the rectifier noises as for the 
open-wire noises. 


Meter MetHop oF MEASURING Circuit NOISE 


The advantages of measuring noise by meter meth- 
ods have been realized for many years and have be- 
come increasingly apparent in the light of experience 
obtained with models of circuit noise meters. Not 
only are the results more reproducible but much 
time is saved in making a given number of noise 
measurements. The tests discussed above indicate 
that, even with the present incomplete simulation of 
the human hearing mechanism in an objective meter, 
the fact that the human ear is not a part of the meas- 
uring apparatus is not a disadvantage of importance. 

It is, of course, quite possible that for some types 
of noise not yet tested the meter rating will not be as 
consistent as for those so far tested. Obviously, not 
all types of circuit noise have been covered. Further 
tests are contemplated on other types of noise for the 
purpose of improving circuit noise meters so that re- 
sults obtained with them will correlate more and 
more accurately with effects of noise as determined 
by the average human ear. 


Part [I—Measurement of Influence of Power 
System Wave Shape on Telephone Circuit Noise 


GENERAL 


A device called the ‘‘telephone interference factor 
meter’ for measuring or rating the wave shape of 
power system currents and voltages in terms of their 
influence on exposed telephone circuits was described 
in the Osborne! paper of 1919. With this instrument 
an indication was obtained of the total harmonic 
content of a given voltage wave, the individual com- 
ponents present being weighted approximately in 
proportion to their relative interfering effects. The 
telephone interference factor was expressed in terms 
of the total microamperes (square root of sum of 
squares of weighted harmonic components) in the 
meter branch of a weighting network per volt (effec- 
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tive) applied to the input terminals. Since 1919, 
this method of measuring wave shape has been used 
extensively both by the electrical manufacturers and 
in the field, and telephone interference factor (usually 
contracted to TIF) has been found a useful quantity 
both in rating the wave form of electrical machinery 
and in evaluating the inductive influence of power 
systems. 

The weighting curve of the original TIF meter was 
based upon the data on relative interfering effects 
of single frequencies, obtained during the period from 
1914 to 1918, which were limited to the frequency 
range up to 1,500 cycles. The data obtained from 
the more recent studies of relative interfering effects 
described in part I of this paper have made possible 
a revision’ of the method of measuring TIF in which 
the basic principle of the old TIF meter has been re- 
tained but in which the frequency weighting charac- 
teristic has been revised somewhat and its range ex- 
tended to approximately 5,000 cycles. In connec- 
tion with the revision of the weighting curve, the 
name has been changed to telephone influence factor 
as being a more accurate designation of its function. 
The new arrangement includes a circuit for measuring 
the TIF of power system currents as well as that for 
the measurement of voltages as provided in the origi- 
nal meter. The development of this revision in the 
method of measuring TIF has been carried on under 
the direction of the Joint Subcommittee on Develop- 
ment and Research. 


SIGNIFICANCE OF TELEPHONE INFLUENCE FACTOR 


The telephone influence factor (TIF) of a voltage 
or current wave is the ratio of the square root of the 
sum of the squares of the weighted effective values of 
all the sine wave components (including in alternat- 
ing waves both fundamental and harmonics) to the 
effective value of the wave. The weightings to be 
applied to the individual components are given in 
figure 6. The TIF of a power system current or 
voltage in an inductive exposure is an index to the | 
influence of that particular current or voltage on the 
noise-frequency induction in the exposed telephone 
circuits. 

As discussed in detail below, the frequency weight- 
ing used in determing TIF is derived from the rela- 
tive interfering effects of single frequencies in a tele- 
phone receiver, the frequency characteristic of the 
transmission path between the toll or trunk circuit 
terminals and the receiver of the telephone subscrib- 
er’s set, and the variation with frequency of the in- 
ductive coupling between the power and telephone 
circuits. It will be noted that the above include all 
the factors relating the voltage and current on the 
power system to the noise in the receiver of a tele- 
phone subscriber’s set connected to an exposed tele- 
phone circuit, with the exception of the telephone 
circuit unbalances. In a large majority of cases in- 
volving open-wire telephone toll circuits or open-wire 
telephone subscribers’ circuits employing bridged 
ringers, experience has shown that such telephone 
circuit unbalances as contribute appreciably to the 
noise are practically independent of frequency. 
However, there are certain types of unbalances 
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which are not independent of frequency, as for ex- 
ample is the case with certain apparatus used in the 
exchange plant. In these cases, therefore, the TIF 
may not be a reliable index to the influence of the 
power system current or voltage. It should also be 
observed that as a result of the harmonic frequency 
transmission characteristics of power circuits, the 
TIF measured at a point on a power system remote 
from the exposure location may be considerably dif- 
ferent from the TIF in the exposure. 

It is apparent from the above that the quantitative 
evaluation of noise in a given situation requires a 
knowledge of several factors in addition to TIF. 
Methods of noise calculation have been described in 
Engineering Reports Nos. 9, 13, 16, and 17 of the 
Joint Subcommittee on Development and Research. 
As regards the influence of the power system, it is 
evident from the manner in which TIF is measured 
that it expresses the weighted harmonic content of a 
given voltage or current wave as a fraction of the 
effective value rather than in absolute units. The 
total inductive influence of a particular power system 
voltage or current is, therefore, a function of its effec- 
tive magnitude as well as its TIF. It is the usual 
practice to express the influence of a current in terms 
of the product of its magnitude times its TIF, this 
quantity being represented by the contraction 
“I.T.” Similarly, the influence of a voltage is fre- 
quently expressed as the product of its magnitude, 


in kilovolts, and its TIF, this quantity being repre- 


sented by the contraction “Kyv-T.”’ 

Use is commonly made of the residual component 
of the phase-to-neutral open-circuit voltage TIF of 
3 phase machines as an index of their influence when 
directly connected to a power system and operating 
with grounded neutral. This quantity, termed ‘“‘re- 
sidual component TIF,’’® is the ratio of the square 
root of the sum of the squares of the weighted residual 
harmonic voltages to 3 times the effective phase-to- 
neutral voltage. 


REVISED FREQUENCY WEIGHTING CHARACTERISTIC 


The frequency weighting characteristic developed 
for use in the revised method of measuring TIF is 
shown in figure 6. TIF weightings taken from the 
curve for a number of important harmonic frequen- 
cies are also given in this figure in tabular form. 

In deriving the revised frequency weighting charac- 
teristic, the following factors representing distortion 
occurring in the various media intervening between 
the power circuit current or voltage and the tele- 
phone subscriber’s ear were considered : 

1. Relative interference effects of single frequency components in 
the receiver of a subscriber’s telephone set. 

2. Distortion occurring between the terminals of the circuit in 
which the noise is induced and the subscriber’s receiver. 

8. Variation in coupling between power and telephone circuits with 
frequency. 

4. Variation of effects of telephone circuit unbalances with fre- 
quency. 


As discussed in part I of this paper, data on items 
1 and 2 above were combined to derive the line 
weighting characteristic of the telephone circuit 
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noise meter indicated by curve B of figure 1. It was, 
therefore, possible to use this curve directly to repre- 
sent the combination of these 2 factors. 

The work of the Joint Subcommittee has indi- 
cated® that the noise directly induced in an exposed 
metallic telephone circuit by a given magnitude of 
power system harmonic voltage or current is directly 
proportional to frequency. The noise-longitudinal 
induced in the circuit composed of all wires of the 
telephone line in parallel with ground return is simi- 
larly proportional to frequency except for that com- 
ponent caused by residual magnetic induction. 


Fig. 7. Correla- 
tion of new and 
old TIF’s of open- 
circuit voltage of 
a-c generators 
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However, the effect of departure from proportionality 
with frequency of this particular component within 
the noise frequency range at a given location is gen- 
erally not large and is less than the effect introduced 
by the differences in coupling at different locations 
resulting from variations in earth conditions. In 
deriving the revised weighting curve, therefore, 
coupling between the power and telephone circuit 
(item 3 above) has been represented by a factor di- 
rectly proportional to frequency. 

Noise-longitudinal acts on such telephone circuit 
unbalances as may be present to cause noise in the 
metallic circuit. Experience has shown that in open- 
wire toll circuits unbalances can, in general, be ap- 
proximately represented as independent of frequency. 
This is also true of open-wire subscriber circuits em- 
ploying bridged ringers. However, unbalances in 
certain telephone apparatus used in the exchange 
plant cannot generally be thus represented. Some 
of these unbalances increase with frequency, some 
decrease with frequency, and still others increase 
over one part of the frequency range and decrease 
over another part. In view of these differing char- 
acteristics no type of frequency weighting for un- 
balances has been incorporated in the TIF curve. 
Thus, TIF is a correct index for those cases where 
unbalance is independent of frequency, and in other 
cases some empirical modification may be necessary. 

To summarize the above, the shape of the revised 
TIF curve was derived from (1) curve B of figure 1 
which represents the relative interfering effects of 
single frequency currents present in the line and (2) 
a factor proportional to frequency representing in- 


1313 


Fig. 8. Correla- 
tion of new and 
old residual com- 
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ductive coupling between a power line and an ex- 
posed telephone circuit. 


CORRELATION BETWEEN TIF MEASUREMENTS 
WITH OLD AND NEw WEIGHTING NETWORKS 


Since a large amount of data has been obtained 
with the old TIF meter, it was considered desirable, 
if practicable, to adjust the scale of the revised set so 
that readings made by this method would in general 
be approximately the same as readings obtained with 
the old meter. In this connection calculations using 
the old and new weightings were made on a large 
number of machines and circuits of various types on 
which harmonic analyses were available. These 
calculations were supplemented by a considerable 
number of comparative measurements in the factory 
and in the field using meters employing the old and 
new weightings. In these measurements particular 
emphasis was given to the open-circuit voltage wave 
shape of synchronous machines and to the current 
and voltage waves on a-c circuits supplying rectifiers. 
These calculations and tests indicated that, in the 
average case, reasonably satisfactory correlation be- 
tween the readings made with the 2 meters would re- 
sult if a peak value of 12,000 were assigned to the 
new weighting characteristic as indicated in figure 6. 
This corresponds with a peak value of 16,400 used 
with the original TIF meter. 

The correlation between TIF magnitudes using 
the old and new weightings on the open-circuit 
voltage wave shape of a number of synchronous 
machines is illustrated in figure 7. The reference 
line shown is drawn at an angle of 45 degrees. 
For perfect correlation between measurements by 
the 2 methods, therefore, the points should fall 
directly along this line. Comparison of correspond- 
ing results obtained (1) for values of the residual 
component TIF of synchronous machine, (2) from 
voltage TIF measurements on a-c lines supplying 
rectifiers, (3) from current TIF measurements on 
these circuits, are similarly illustrated in figures 8, 
9, and 10, respectively. 


CALCULATION OF TIF From Harmonic ANALYSES 


Since TIF is the ratio of the square root of the sum 
of the squares of the weighted components in a cur- 
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rent or voltage wave to the effective value of the wave, 
its value can be calculated if the various component 
frequencies in the wave are known. The procedure 
consists in (1) multiplying each component frequency 
by the corresponding weighting factor shown in 
figure 6, (2) squaring each of these products, (3) 
obtaining the sum of these squares, (4) extracting 
the square root of this sum, and (5) dividing by the 
effective value of the wave. The quantity obtained 
in step 4 of this process gives the J-T or Kv-T product. 

The following example illustrates this process as 
applied to a current wave: 


Frequency, Frequency Weighting 

Cycles Composition, Factor Product Squares 
per Second Amperes (Fig. 6) of (b) X (c) of (d) 

(a) (b) (c) (d) (e) 
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The square root of 100,600 gives 317 as the J-T - 
product. Dividing by the effective value of the 
current gives 28.8 for the TIF. 


DEVICES FOR MEASURING New TIF 


Several experimental models of TIF measuring 
sets meeting the new weighting characteristic have 
been constructed. The latest of these is designed to 
operate along the same basic lines as the original TIF 
meter. It employs a voltage measuring circuit 
having a somewhat higher input impedance than the 
original instrument and includes in addition a cir- 
cuit which may be used, in conjunction with an ex- 
ternal shunt, for measuring the TIF of currents. 
These experimental models have been used on the 
test floors of the manufacturers and in the field in 
obtaining the comparative data described above. 

The adoption of the rule that coupling will be con- 
sidered proportional to frequency also makes it pos- 
sible to use a circuit noise meter and a small amount 
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of auxiliary apparatus to form a TIF meter. For 
example, by connecting the input of the noise meter 
to a power supply circuit through a small capaci- 
tance having a much larger impedance than the me- 
ter input impedance or the power circuit impedance, 
a meter reading may be obtained which is equal to 
20 log (A-Kv-T) where A is a constant of propor- 
tionality. Again by connecting a small inductance 
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in series with the secondary circuit of a current trans- 
former and connecting the noise meter input across 
the small inductance, a reading of the noise meter 
can be obtained which is equal to 20 log (B-I-T) 
where B is a constant of proportionality. In either 
case, the proportionality constant may be deter- 
mined by a single-frequency calibration. 

With results from tests made with instruments 
such as those described above, and a knowledge of 
the coupling between power supply circuits and 
telephone circuits, estimates may be made of noise 
on the telephone circuits. In the past, this method 
of noise estimation has proved valuable in inductive 
co-ordination problems. In the future, with revised 
weighting and improved measuring devices, the 
method should yield more accurate estimates and 
should therefore be of greater usefulness. 
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Effect + Total Voltage on 
Breakdown in Vacuum 


The results of a series of high voltage 
breakdown tests between metal electrodes 
in high vacuum are reviewed, with con- 
sideration of the observed inverse relation 
between cathode gradient at breakdown 
and gap length. This leads to the con- 
clusion that the current that flows between 
electrodes as the conditions for high volt- 
age breakdown are approached must in- 
volve positive ions from the anode. The 
deposition of anode material upon the 
cathode, which would occur in the event 
of such positive-ion emission, was found 
to take place. As final proof of this 
hypothesis, interelectrode current at con- 
stant cathode gradient was found to vary 
with voltage. 


By 
H. W. ANDERSON* 


ASSOCIATE A.1.E.E. 


lowa State 
College, Ames 


A. A PART of arecent investigation! 
of the insulating properties of high vacuum, measure- 
ments were made to determine the limiting values of 
voltage that might be applied between electrodes in 
vacuum. As the voltage between such electrodes is 
increased, the attainment of the limiting value is 
indicated by a very sudden change of the region 
between electrodes from a condition of insulation to 
conduction, which occurrence is called breakdown in 
this paper. The apparatus used for the measure- 
ment of breakdown voltage is described in a previous 
article.? It consisted principally of a vacuum tank 
with a shielded lead-in bushing 38 inches in height, 
an electrostatic generator, a voltmeter, and auxiliary 
equipment. A vacuum of the order of 10~° milli- 
meter of mercury could be maintained in the tank, 
which value was found to be well below that at which 
results ceased to depend upon pressure. Voltages 
as high as 500 kv were used. Breakdown data were 
obtained principally with electrode configurations 
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that would produce between the nearest points of 
opposite polarity an approximately uniform electro- 
static field. 


BREAKDOWN TESTS 


Parameters that were varied during the breakdown 
measurements were: (1) electrode materials, (2) 
means of electrode conditioning, and (3) interelec- 
trode distance. A study of the resulting data has 
led to the phenomenon indicated in the title of this 
paper, which is considered to be by far the most 
important outcome of the investigation. The data 
to be treated in the present article are mainly those 
which relate to this phase of the results. Conse- 
quently, the effects of variation of parameters 1 and 2 
are included briefly as a matter of incidental informa- 
tion, while the effect of variation of parameter 
3 is considered in detail. 

In order to give a comparison of values for different 
electrode materials, the average voltage required to 
produce breakdown of a one-millimeter gap after the 
most effective means of conditioning is given in table 
I. Various kinds of machinery steels produced 
surprisingly similar results, and therefore no dis- 
tinction has been made among them. Though it also 
gave results practically equivalent to other steels, 
stainless steel (18 per cent chromium and 8 per cent 
nickel) is listed separately. 

Different methods of electrode preparation and 
conditioning were tried most thoroughly with steel, 
which material appeared to give the highest values of 
breakdown voltage. If it was necessary to smooth 
the surface of an electrode before it was placed in the 
vacuum tank, the use of fine emery paper was found 
to be the best means. The process of polishing and 
buffing was found to be unessential and often detri- 
mental because of the material that would become 
imbedded in the electrode. In the vacuum, bom- 
barding the steel electrodes with electrons from a 
filament usually produced surprisingly little increase 
of breakdown voltage. Desirable conditioning, how- 
ever, was obtained with the following treatment. 
With hydrogen at a pressure of about 1 millimeter of 
mercury, a discharge was run between electrodes for 
a period of 3 minutes with a current density of the 
order of 0.25 ampere per square centimeter. After 
this the tank again was pumped to a high vacuum, 
and spark-over between electrodes was produced 
with the electrostatic generator, the polarity of which 
occasionally was reversed. This combination of 
hydrogen discharge and high vacuum sparking usu- 
ally would result in the attainment of a final break- 
down voltage more than double that at which the 
first spark-over occurred. Sparking with a more 
powerful source than the electrostatic generator pro- 
duced about equal breakdown voltages, but was 
accompanied by serious electrode roughening. 

The result of the variation of parameter 3, as 
stated hereinbefore, leads to the main point of this 
paper. As the distance between a pair of electrodes 
(of any of the materials tested) is increased, break- 
down voltage is in-general not increased at an equal 
rate. Accordingly, as interelectrode distance and 
voltage are increased, the average potential gradient 
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Table I—Breakdown Voltages for One-Millimeter Gap of 
Various Electrode Materials in High Vacuum 


Material Voltage in Kv 
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at which breakdown occurs is reduced. Since the 
electrodes of this work were shaped so as to produce 
an approximately uniform field between their nearest 
points, this corresponds to the further condition that 
increases of interelectrode distance and voltage were 
accompanied by breakdown at reduced electrode 
gradients. Thus these results indicate that the 
interelectrode current, which flows as the conditions 
for high voltage breakdown are approached, must 
involve more than the mere cathode gradient phe- 
nomenon of cold emission that has been considered 
to be its explanation. An investigation suggested 
by these results is described hereinafter, following the 
statement of some essential details of the measure- 
ment of breakdown voltage as a function of inter- 
electrode distance. 


CONFIGURATION AND POLARITY OF ELECTRODES 


Electrodes for the breakdown tests consisted of a 
one-inch sphere opposite a plane. For most of the 
work, the plane had a rectangular boundary approxi- 
mately 3 by 4.5 inches and was placed against a 
larger plate with rounded edges. For the data 
carried to 500 kv, the plane was reduced to a 2-inch 
circle but was surrounded by a group of intermediate- 
voltage shields.? 

These dissimilar electrodes would be expected to 
give a higher value of breakdown voltage with the 
polarity that corresponds to the lower cathode 
gradient, i.e., with the plane negative; this was found 
to be true, especially with the longer gaps. Because 
of certain deductions (in the discussion that follows) 
that can be made for the negative polarity, this 
paper is concerned with the sphere and plane, respec- 
tively, as anode and cathode. 


TYPICAL RESULTS OF 
BREAKDOWN VOLTAGE VERSUS DISTANCE 


A curve of breakdown voltage versus interelectrode 
distance is given in figure 1, which represents a run 
with steel electrodes. Also in this figure the corre- 
sponding curve of average breakdown gradient is 
given; and it should be noted that this quantity 
varies inversely with distance. Between 0.2 and 4 
centimeters, the data for the curve of breakdown 
voltage very closely fit the empirical relation, 


» = — 090d 
0.77 +d 


in which v and d represent, respectively, voltage in 
kilovolts and interelectrode distance in centimeters. 
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Though the curves of figure 1 do not represent the 
best electrode conditioning, they were chosen for 
inclusion here because of their voltage range. The 
continuously decreasing slope of the curve of break- 
down voltage versus distance, however, is character- 
istic of all of many breakdown tests covering the 
variations of materials and conditioning mentioned. 
That the shape of the curve of figure 1 is thus typical 
of all the curves of breakdown voltage versus distance 
is to be emphasized because of its importance in the 
discussion to follow. Another matter to be pointed 
out in connection with figure 1 is that these results 
were usually reproducible to within a few per cent 
when all conditions of a test carefully were repro- 
duced. This may be judged to some extent by the 
amount of the deviations from the curve. It does 
not follow, however, that after taking data for the 
upper points of such a curve the lower points could 
be closely checked. The lower portion of the curve 
would be found to have shifted somewhat as a conse- 
quence of the electrode treatment represented by the 
high voltage spark-over. The resulting curve, how- 


ever, would still be of the same general character as . 


that given here. 


VARIATION OF MAXIMUM CATHODE GRADIENT 


The first phase of the investigation suggested by 
the foregoing variation of average gradient consisted 
in scrutinizing to some extent the manner in which 
the maximum gradient upon microscopic surface 
irregularities of the cathode might vary under condi- 
tions of constant average gradient. With the plane 
cathode and the spherical anode of the breakdown 
tests, maximum cathode gradient will exist at the 
base of the perpendicular from the plane to the near- 
est point of the sphere. With the assumption of a 
very large plane, an otherwise isolated sphere, and 
smooth surfaces, maximum cathode gradient may 
be expressed in terms of the average value on this 
perpendicular by means of a factor given by Peek.? 
This factor, being a function of interelectrode dis- 
tance d, will be designated f;(d). From a value of 
unity for d = 0, it decreases toward the limit zero for 
d= o. 

Let it be assumed that interelectrode distance d 
and voltage v are varied proportionately so that a 
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constant average gradient E is maintained along the 
perpendicular from the ig to the nearest point of 
the sphere. Obviously, EF = v/d. On the basis of 
smooth geometric surfaces, maximum cathode gradi- 
ent e, is related to & by the factor fi(d), or e; = 
Ff,(d). Since f,(d) is an inverse function of d, maxi- 
mum smooth-surface cathode gradient varies in 
an inverse manner with distance. 

To determine the manner in which the foregoing 
reasoning should be modified in order to take into 
account the effect of a surface irregularity, first 
reference is made to Bateman.‘ By representation 
of a surface peak as an ellipsoidal column projecting 
above a plane, it is shown for a mathematically 
infinite separation from another plane that there will 
be a definite ratio of concentration of gradient on the 
peak of this projection. This ratio of concentration 
for infinite separation will be designated f,(@). 
Maximum gradient on the projection will equal, of 
course, that which would exist on a smooth surface 
multiplied by f,(o). 

Obviously, if the plane with the projection and the 
opposite smooth plane be moved toward each other, 
the ratio of concentration will increase continuously, 
becoming very large as separation becomes com- 
parable with the height of the projection. Thus, the 
ratio of concentration of gradient is an inverse func- 
tion of d; it will be designated f,(d). 

In the foregoing case the projection is situated in a 
region where the electrostatic field would have been 
uniform in its absence. In the case of a plane and a 
spherical electrode, an essentially similar condition is 
obtained if such a hypothetical peak, small compared 
with the sphere, be mounted on the plane at the base 
of the shortest line between the plane and sphere. 
The gradient e, at the peak of the projection then is 
related to e; by f2(d), or 


ep = Efi(d)f2(d) 


Since both f(d) and f,(d) are inverse functions of d, it 
follows that the foregoing variation of voltage in 
direct proportion to interelectrode distance will result 
in an inverse type of variation of maximum gradient 
on the assumed cathode peak. 

For the actual case.of a cluster of different types of 
irregularities on both the plane cathode and spherical 
anode, a similar statement regarding the variation of 
maximum cathode gradient might be vitiated in but 
one way. As the distance between the plane and 
spherical electrodes is increased, a larger area of the 
cathode comes under the influence of a relatively 
strong field. If the newly exposed region contain a 
peak sufficiently sharper than any at the center, it 
might seem possible for an increase of interelectrode 
distance to be accompanied with an increase of 
cathode gradient. However, if maximum cathode 
gradient be related to breakdown voltage, to account 
for the smooth experimental curves of breakdown 
voltage versus distance it would he necessary for the 
cathode to have surface irregularities graded in 
sharpness as a function of distance from the center of 
the test spot. Therefore, with the electrodes of the 
breakdown tests, an increase of electrode separation 
accompanied by a proportionate increase of voltage 
could not produce an increase of cathode gradient, 
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unless there existed during the tests a very special 
type of distribution of cathode irregularities. 


CONCLUSION FROM BREAKDOWN MEASUREMENTS 


' The experimental curves of breakdown voltage 
versus electrode separation have been curves of con- 
tinuously decreasing slope. Therefore, either (1) 
breakdown occurs at a continuously lower maximum 
cathode gradient as electrode separation and voltage 
are increased, or (2) there exists during the tests a 
distribution of cathode irregularities similar to that 
contemplated, but accentuated sufficiently to account 
for the observed decrease of average gradient. 

If the condition 1 be valid, the current that leads to 
breakdown must be attributable to more than the 
cold emission of electrons, because as gap length and 
voltage are increased breakdown occurs at continu- 
ously lower cathode gradient. This of course might 
be attributed to gaseous conduction except that the 
breakdown tests were made at pressures well below 
that at which results ceased to depend upon pressure. 
This, however, could be explained on the basis that, 
as gap length and voltage are increased, the higher 
voltage electron bombardment causes positive-ion 
emission from the anode. By bombarding the cath- 
ode, such emission could result in electron emission® 
at lower cathode gradients. In this manner, high 
voltage breakdown at lower cathode gradients could 
be explained. 


EXPERIMENTS TO CHECK POSITIVE-ION HYPOTHESIS 


As a check upon the foregoing explanation involv- 
ing the hypothesis that positive ions play a part in 
high voltage interelectrode conduction at voltages 
below breakdown, 2 experiments were made: 


1. Electrodes of different materials were used to determine whether 
anode material actually is deposited upon the cathode, which would 
result if positive ions play the réle stated hereinbefore. 


2. Apparatus was constructed for the measurement of interelec- 
trode current in a region of uniform field and constant electrode 
area, as voltage and gap length were increased proportionately 
toward breakdown conditions. 


These experiments and their results are described in 
the following section of the paper. 


ELECTRODES OF DIFFERENT MATERIALS 


For an experiment with electrodes of different ma- 
terials, tests were made with a steel cathode and a 
copper anode. At the outset, this gap was found to 
give values of breakdown voltage definitely differing 
from those for steel electrodes but corresponding to 
those for copper electrodes. Since interelectrode 
current must be initiated by cathode emission, the 
fact that these electrodes displayed the character- 
istics of the anode material is alone an indication that 
this material was carried across to the cathode. 
Since a single instance of this sort might be attributed 
to the pulling off of loose anode material by electro- 
static attraction, the electrodes were moved so that 
the same anode faced a fresh cathode region. In this 
way, at a succession of 3 cathode regions, identical 
results were produced. As a further check, the 3 
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regions on the steel cathode later were analyzed 
spectroscopically; strong copper lines were observed, 
which were entirely missing from other portions of 
the electrode. Thus it was shown definitely that 
anode material was transferred to the cathode. 
Incidentally, about a 20 minute application of 
voltage near the breakdown value of these copper- 
steel gaps was sufficient to produce a visible light 
brown spot upon the cathode. This of course repre- 
sents a very small deposition of material, of which 
quantitative determinations were not attempted. 


ELECTRODE FOR CURRENT MEASUREMENT 


A description of the apparatus for the measure- 
ment of interelectrode current in a region of uniform 
field and known electrode area follows. The condi- 
tions to be secured for this work suggest the use of 
flat circular electrodes with guard rings; but guard 
rings, however well fitted, would produce some edge 
effect. Since cold emission is a function of cathode 
gradient, any arrangement of cathode guard rings 
would be open to serious question. For the anode, 
however, the effects of a guard ring would be much 
less serious. An anode gradient of 35 X 10° volts per 
centimeter has been shown to produce no detectable 
current. In view of these considerations it was 
decided to use a guard ring on the positive side of the 
gap. 
To meet the second requirement of securing a re- 
gion of uniform field, a design for that purpose’ was 
followed and resulted in the outside contour of the 
left electrode of figure 2. Other experience of the 
writer with a pair of electrodes of this type had 
indicated that within proper limits of gap length they 
produce a substantially uniform field. (This was 
indicated by the fact that a large model of this type of 
gap, which was built for voltage measurement, was 
found to spark over at random points on the parallel 
surfaces if the gap length were less than the diameter 
of the flat area.) As may be seen in the figure, this 
design was applied in the present investigation only 
to the anode, and a plane surface was used for the 
cathode. 

The central part of the anode was separated 
from the outer guard ring by 3 small mica spacers, 
and 3 mica-insulated clamping screws were used 
between these parts. The diagram of figure 2 shows 
one spacer and screw. ‘The conical shield extending 
to the left from the outer part of the anode was a part 
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Fig. 2. Guard ring anode 
and flat cathode 
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Fig. 3. Current 
at constant cath- 
ode gradient 

versus voltage 


Average gradient 
(kilovolts divided 
by interelectrode 


distance in  centi- 
meters) is indicated 
on curves 
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of continuous shielding about the connections to the 
central part of the anode. On the face of this elec- 
trode, the radial clearance between the central core 
and guard ring was 3 mils. In order that the reader 
may have an idea of dimensions, the diameter of the 
central core was 0.244 inch, and the relative propor- 
tions of figure 2 are fairly accurate. The material 
chosen was rolled nickel with less than 1 per cent of 
impurity. Before being used, the guard ring anode 
and flat cathode were aligned with considerable care. 
The parts were connected electrically as follows: 
the cathode directly to the high voltage lead from the 
generator, the guard ring of the anode directly to 
ground, and the central portion of the anode through 
a galvanometer to ground. 


RESULTS OF CURRENT MEASUREMENT 


The object of constructing this guard ring anode 
was to determine whether interelectrode current at 
voltages below that of breakdown is a function of 
cathode gradient alone, or whether it may depend 
also upon voltage. As the most direct experimental 
approach to this determination, current to the cen- 
tral core was measured while voltage and gap length 
were increased proportionately so that constant (or 
slightly decreasing) cathode gradient was main- 
tained. The results of this experiment for 3 values 
of gradient are shown by curves of current versus 
voltage in figure 3. These curves show very strik- 
ingly that current is a function of voltage as well as 
gradient. 

It might be expected that curves similar to those of 
figure 3 could be carried over a much greater range of 
voltage and distance than was done. However, the 
arrangement of electrodes for current measurement 
was capable of producing an essentially uniform field 
in its central region only with gap lengths less than 
about 0.4 centimeter. With greater separation the 
region of strongest field would move outward and 
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-measure of the power received by it. 


spark-over likely would occur on the guard ring, 
especially during runs at the larger gradients. On 
account of the care taken in shaping and aligning 
these electrodes, sparking was to be avoided as much 
as possible. While the data for the curves of figure 3 
were being taken, breakdown was avoided until an 
attempt was made to secure an additional point on 
the upper curve. After breakdown had occurred, 
previous data could not be checked; and it thus was 
indicated that the electrodes had been changed 
appreciably. 


PORTION OF TOTAL CONDUCTION 
ATTRIBUTABLE TO POSITIVE IONS 


The positive-ion hypothesis, to explain the manner 
of variation of breakdown voltage with interelectrode 
distance in high vacuum, has been checked with 2 
types of experiments. The first consisted in detect- 
ing the transfer of anode material to the cathode and, 
like the breakdown voltage analysis, represents a 
necessary but not a sufficient condition to prove the 
hypothesis. However, the second type of experi- 
ment, which consisted in showing that interelectrode 
current varies with voltage during the maintenance 
of constant cathode gradient, does represent a 
necessary and sufficient condition to prove the hy- 
pothesis. Thus it has been shown that positive ions 
from the anode play a réle in high voltage conduction 
between metal electrodes in high vacuum. 

In order to determine the fraction of total conduc- 
tion attributable to positive ions, measurements 
were made of relative power dissipation on 2 steel 
electrodes for a few conditions of voltage and spacing. 
These electrodes consisted of a spherical shell oppo- 
site a solid sphere. The former was supported by 3 
small wires, and the latter was in contact with 
another heavy metal part. By this means the © 
temperature of the hollow electrode was made com- 
paratively responsive to energy dissipation, so that 
its rate of temperature rise might be used as a relative 
The solid 
electrode was made unresponsive so that its effects as 
a source of heat radiation would be minimized. 
From the voltage readings of a thermocouple, of 
which 2 of the supporting wires to the hollow elec- 
trode were a part, determinations were made of the 
rate of temperature rise of this electrode operated 
each way with regard to polarity. As anode the rate 
was several hundred times the rate as cathode. This 
indicated that only a small fraction of a per cent of 
total conduction is directly attributable to positive 
ions. Consequently, their principal effect is to cause 
electron emission at lower gradients by bombard- 
ment of the cathode. 

Although the foregoing hypothesis concerning 
positive ions is quite unlike that based upon previous 
investigations, it should be pointed out that the 
voltage range considered herein far exceeds that of 
previous work. The upper limit of the breakdown 
tests, 500 kv, is 17 times the highest value for which 
similar data could be found in technical literature. 
In a 17-fold extension it is not surprising that a new 
effect might be observed. 

As a designation for the dependence of interelec- 
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trode current upon voltage (in addition to cathode 
gradient), the term ‘“‘total-voltage effect’? has been 
suggested by R. J. Van de Graaff, who predicted its 
existence.® 
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The Engineering Development of 
Electrochemistry and Electrometallurgy 


Some notes on the engineering develop- 
ment of electrochemical and electrometal- 
lurgical industries are given in this paper, 
with particular attention to progress of 
these industries in France. A discussion 
of the general problem of supplying elec- 
tric power to these industries is followed 
by data on the development of certain 
processes which significantly _ illustrate 
“direct uses’’ of electricity in industrial 
processes. This paper by a distinguished 
French engineer contains considerable in- 
formation not readily available in the 
United States. 


By 
PAUL BUNET 


PAST PRESIDENT 
SOCIETE FRANCAISE DES ELECTRICIENS 


Consulting Engineer 
Paris, France 


i Be transformation which the elec- 
trochemical and electrometallurgical industries have 
undergone during the first third of this century takes 
an entirely different aspect depending upon one’s 
viewpoint. While one observer is impressed by the 
power of modern apparatus, its perfection, depend- 
ability, and the systematic organization of the plants, 
another observer considers rather the manufacturing 
processes, the chemical reactions which they bring 
into play, and according to the latter person, changes 
have been rather slow during recent years. 


A paper recommended for publication by the A.I.E.E. committee on electro- 
chemistry and electrometallurgy, and scheduled for discussion at the A.I.E.E. 
winter convention, New York, N. Y., Jan. 28-31, 1936. Manuscript submitted 
Translated from the French by L. A. Huguemont of the General Electric Com- 
pany, Schenectady, N. Y. 
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The principal or key chemical methods, which 
were applied in the most important manufacturing 
processes, have remained the same, and most sub- 
stances produced by these industries were manufac- 
tured long ago in the same manner as they are now; 
thus industries covering the production of calcium 
carbide, ferroalloys, chlorine and chlorates, alumi- 
num, sodium, graphite, abrasives, and many others 
have remained practically unchanged from the purely 
chemical viewpoint. 

However, the chemist does not ignore the progress 
made, often by adaptations of older methods, in in- 
dustries more modest as regards quantity or value 
of the products. Among these processes may be 
mentioned the igneous electrolysis which produces 
alkaline and alkaline-earth metals (the most re- 
markable one of which is probably glucinium or 
beryllium), which are extensions of already-known 
preparations of aluminum and sodium. Cerium as 
incorporated in igniting devices such as cigar lighters 
has become a serious competitor of the match. 

The same applies to the production of zinc by aque- 
ous electrolysis permitting utilization of poor ores, 
to the plating by nickel, chromium and other metals, 
as well as for the preparation of superoxidized sub- 
stances and to the preparation of cyanides. 

The number of products which can be obtained by 
means of arc furnaces has increased, high tempera- 
ture fusion has been developed, and fused silica is 
found in numerous applications. 

The purely gaseous are had given rise to hopes, 
especially as regards the direct fixation of atmos- 
pheric nitrogen, but notwithstanding its great sim- 
plicity, this method is now put in the background be- 
cause of its poor electric efficiency. On the other 
hand, indirect rival methods, such as the fixation of 
nitrogen by means of calcium carbide for the produc- 
tion of cyanamide, the compression of a mixture of 
nitrogen and hydrogen—the latter even resulting 
from the electrolysis of water—which compression 
may be followed by the oxidization of the ammonia 
thus produced, so as to obtain nitrates, all these 
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methods require only 1/3, or even less, of the electric 
energy required by the arc alone. 


EFFECTS OF FLUCTUATIONS IN POWER SUPPLY 


Electrochemical and electrometallurgical processes 
require in most cases electric energy at very low cost. 


It can be seen easily that with the ordinary rate 


schedules—no matter how fair they are—which ap- 
ply to the mechanical and textile industries (gener- 
ally located in the vicinity of important centers of 
power production), that the cost of the energy for 
electrochemical and electrometallurgical processes 
would sometimes attain the sales price of the prod- 
ucts. 

For this reason water power plants were resorted 


to, necessitating higher installation costs than coal 


burning plants but once installed, operating without 
great expense. This advantage was formerly even 
more pronounced because of the moderate interest 
rate required for the capital investment. 

Each hydroelectric plant produced the electric 
energy which was required for the manufacturing 
process or processes under consideration. The out- 
put of power from these plants is variable, depending 
upon the hour, day, and season. As a matter of 
fact, many old Alpine stations have their output re- 
duced in winter to 1/, or even less of the maximum 
power obtained during the warm season. Another 


limiting feature is that the quantity of manufactured 
products must follow the market fluctuations. 
To take care of such variations and fluctuations 
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several manufacturing processes may be combined. 
Take, for instance, the electrolytic manufacture of 
aluminum which proceeds at temperatures exceed- 
ing 900 degrees centigrade and which demands rather 
careful supervision and is badly affected by fluctua- 
tions. Waterfalls subjected to strong annual varia- 
tions necessitate the gradual shutting down of the 
plant and considerable slackening of the operation for 
several months. Not to mention the larger equip- 
ment and the more rapid wear and tear this condition 
entails, it requires besides a much higher specific 
consumption (in kilowatt-hours per kilogram of. 
metal produced). Sometimes several weeks are 
necessary in order that the production of an alu- 
minum cell (or furnace) may attain the production 
obtained during a very regular program, especially 
as daily fluctuations must be reckoned with. Among 
others, rather old observations may be mentioned re- 
lating to this point and showing that the specific 
consumption of the first 122 operating days of a 
group of 40 furnaces taking a total of 10,500 am- 
peres was 31.4 kilowatt-hours per kilogram, while; 
when the first 30 days were deducted, the consump- 
tion was reduced to 26.7 kilowatt-hours per kilogram 
and when the first 60 days were deducted, the specific 
consumption became 24.9 kilowatt-hours per kilo- 
gram, a value which was then retained for the re- 
mainder of the operation, and became even some- 
what lower. It has been estimated that an alu- 
minum plant supplied from a hydroelectric installa- 
tion under the condition of variations in power sup- 
ply frequently encountered would have a specific 
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General view of 2 16,000 kva single phase Miguet-Perron furnaces operated on a 2 phase circuit. See 


page 1326 for a description of this furnace 
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over-all energy consumption '/sth greater than that 
required, with a constant power supply. 

In contrast to this, the manufacture of calcium 
carbide can withstand much better certain transient 
variations, the more so the larger the furnace. 
Moreover, the furnaces do not require that long 
starting period during which the output is mediocre; 
after a little time they reach normal operating con- 
ditions, and for this reason one can consider starting 
and stopping the furnaces for periods attaining 
sometimes 2 weeks at the most. 

Aqueous electrolyses allow variations that are even 
more pronounced. One of the oldest industries, 
the electrolysis of sea salt solutions, that produce 
chlorine when diaphragms are used and chlorates 
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when no diaphragms are used, bears readily limited 
variations in the case of chlorine, with some incon- 
veniences however, but wide variations in the case of 
chlorates. For instance, a sodium chlorate cell with 
a normal rating of 2,500 to 3,000 amperes can be 
operated over the range of 3,500 to 100 amperes 
without affecting particularly the specific consump- 
tion. Another example of this kind is the electroly- 
sis of water. Such processes can be used to ab- 
sorb secondary power under widely varying con- 
ditions. However, such combinations of different 
industries are bound to be limited, not only because 
of the necessity of employing conjointly many engi- 
neering experts and much technical equipment, but 
also because of purely commercial considerations. 
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Fig. 2, Cross section of a 15,000-kw single-ph i i 
ms : gle-phase 50-cycle Miguet-Perron calcium carbide f 
shown in figure 1. Transformer (below furnace) rated 16,500 kva, 25/55 volts. Top af farnacemae pipet 
upper end of electrode not shown (see figure 4) ‘ } 


H—Gas outlets P—Pokers 5—Silos 


K—Hoppers M—Molten carbide 
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: 
USE OF ALTERNATING CURRENT OR DIRECT CURRENT 


All this led, first to the combination of several 
plants by means of transmission lines, and then to 
the creation of networks in which all the producers 
operate in parallel, regardless whether their plants 
are hydroelectric or steam-electric- plants. It is from 
these networks that the consumers—who are to a 
certain extent the producers themselves, especially 
the electrochemists and electrometallurgists owning 
waterfalls—derive the energy they require. The de- 
scription of such networks is beyond the scope of the 
present article. 

Such a principle leads readily to the production of 
alternating current (3 phase power being universally 
adopted), whereas many early plants with primitive 
installations operate with direct current. It is a 
well-established fact that it is nearly always advan- 
tageous to install alternators, even when direct cur- 
rent is utilized in the plant, as happens when alu- 
minum, magnesium, sodium, chlorine, and its com- 
pounds are electrolytically produced. Onsome occa- 
sions direct current has been utilized for purely 
electrothermal operations; however, no noticeable 
advantage was derived from that practice. 

With alternators it is possible to reduce the number 
of the generating sets; d-c machines cannot be built 
for comparable rates of power; the ratio is some- 
times of an order of magnitude of 10 to 1. This 
leads to an appreciable decrease in the cost of the 
hydroelectric plant which needs less pipes, fewer 
valves, and discharge canals, etc. Certain hydro- 
electric plants with d-c machines contain up to 30 
turbine-generator sets, while 3 alternators would 
have sufficed in installations built according to 
modern conceptions. 

The efficiency of more powerful sets is appreciably 
higher; this applies to the turbine as well as to the 
electric generator and makes up, sometimes com- 
pletely, for the loss caused by the necessary con- 
version into direct current. Because of these well- 
known reasons, the recent well-designed plants have 
been provided with alternators. 

The transformation of alternating current into di- 
rect current is often accomplished by means of rotary 
converters which have a better efficiency than motor- 
generator sets. For instance, in a sodium chlorate 
plant thorough tests, which lasted several years, 
disclosed that the conversion from high voltage al- 
ternating current into 400 to 500 volts direct cur- 
rent took place at an efficiency of 92 per cent. This 
excellent result is due to the fact that the machines 
operated at full load without important variations, 
for more than °/;) of the time. 

The direct voltage must be regulated, more or less 
depending upon the prevailing conditions. In prac- 
tice, rotary converters permit a plus or minus 5 per 
cent regulation by means of their excitation, as an 
effect of added inductance or of high leakage trans- 
formers; the power factor remains about 92 per 
cent. Inasmuch as the starting takes place on the 
a-c side, the machines remain very simpie, a very 
important point for the electrochemist who has some- 
times more trouble with his electric equipment than 
with his electrolytic plant. 
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In some cases rotary boosters and starting motors 
are added to the rotary converters; also, voltage 
regulators have been installed between transformers 
and converters, and these voltage regulators require 
additional transformers when the primary voltage is 
too high. In general, all this complicates matters, 
reduces the efficiency, and it is just as well, if not 
better, to adopt under such conditions motor-genera- 
tors which have at least the advantage of allowing 
any voltage variation desired. 

Mercury rectifiers are little used, for in general the 
voltages required are low and the currents high, 
conditions which are not favorable to rectifiers. 
When prolonged high load operation is the rule, rec- 
tifiers will not improve the efficiency, or do so but 
very slightly. However, they have one advantage 
which is sometimes appreciated, they are noiseless. 
The progress accomplished in their manufacture will 
no doubt further their application in electrochem- 
istry, especially if their price becomes somewhat ad- 
vantageous. 


SUPPLYING LOAD From POWER SYSTEMS 


The success attained by the tying of electro- 
chemical and electrometallurgical installations to 
general transmission lines to which they supply and 
from which they derive electric energy—thus be- 
coming parts of a system which benefits everyone— 
has directed the attention of steam power plant 
operators to electrochemical manufactures, for the 
purpose of utilizing power during off-peak hours. 
For instance, plants for the production of calcium 
carbide have been so built. While the small 1,000 
kw furnaces, which were in vogue in the year 1900, 
would not permit considerable power fluctuations 
which would entail serious temperature variations 
and thus interfere with production, modern fur- 
naces of 10,000 kw and more can withstand power 
reduction lasting an extensive period of time and 
which, nevertheless, will not entail more than a 
moderate increase in the specific power consumption, 
while at the same time the purity of the product re- 
mains unaltered. This adaptability is partly due 
to their large weight giving an important heat re- 
serve, partly to the relatively small heat losses 
through the furnace walls. It is possible to vary the 
voltage in the ratio of about 1 to 2, and also to alter 
the current. The result is that the producer of elec- 
tric power has an apparatus at his disposal which 
allows fluctuations, amounting to thousands of 
kilowatts, sometimes in the ratio of 1 to 4. 

The same results can be accomplished with other 
products. For instance, the electrolysis of sea salt 
has been considered, with the production of sub- 
stances for industrial or domestic uses, such as 
liquid chlorine or hypochlorites, and the electrolysis 
of water. 

Commercial considerations mainly hinder the de- 
velopment of such methods for regulating the power 
of large central stations. Consider, for instance, the 
production of calcium carbide. One can estimate 
that in France this industry absorbs, for local con- 
sumption and a certain amount of exports, approxi- 
mately 600,000,000 kilowatt-hours per year. It will 
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be easily seen that only one large station of 100,000 
kw capacity (a power which is often exceeded at 
present) which could supply an average of 20 per 
cent of that power, would devote to that purpose an 
annual energy attaining */1) of the total energy ab- 
sorbed throughout the entire country by the calcium 
carbide industry. 


Many APPLICATIONS IN SMALLER INDUSTRIES 


Power distribution systems in large cities and 
their suburbs have, nevertheless, to supply an in- 
creasing number of electrochemical and_ electro- 
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thermal installations. 
in which the individual installations are compara- 
tively small but rather numerous, might be men- 


The electroplating industry, 


tioned first. Also, the electric welding art must be 
included in that category. 

The applications of electric methods in the foun- 
dry are becoming more and more important. The 
old furnaces for the production of bronze and other 
copper alloys, also cast iron, are being gradually 
superseded by the electric furnace. First, the arc 
furnace was utilized and later, with even greater 
success, the induction furnace with iron core, which 
is supplied at the normal network frequency and 
comprises a protruding heating loop (Schneider, 
Ajax, Weed, Russ). Because of this arrangement, 
the furnace has a much better power factor (ordi- 
narily about 80 per cent) and a more favorable shape 
for the receptacle which is to contain the molten 
metal than the first models having only one large 
liquid turn or loop of molten liquid. 

Large arc furnaces have also been installed in the 
vicinity of great cities, especially for the casting of 
medium and small steel parts. The capacity of these 

furnaces does not exceed, as a rule, 2 or 3 tons, and 
the power they absorb amounts to 1,000 kw, some- 
times slightly less. With the electric furnace a large 
variety of steel castings can be obtained, the com- 
position and the mechanical properties of which are 
maintained with precision. The prices of such cast- 
ings can compete with the price of those obtained by 
means of rival methods. On the whole, the opera- 
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tion consists of the melting of scrap followed by some 
final treatment and requires scarcely more than 0.8 
kw per kilogram of various castings ready to be de- 
livered. The increase in cost above the cost of 
production by fuel burning furnaces—by means of 
which the operation would have been performed less 
perfectly—is small. ' 
Induction furnaces, operating at a higher fre- 
quency, of the order of 1,000 cycles per second, are 
likewise utilized in smaller units. They permit very 
rapid fusion, a complete operation generally taking 
one hour and sometimes less. Because of these 
qualities the induction furnaces are sometimes ad- 


Fig. 3. Diagram of the distribu- 
tion of lime mixed with coke and 
lime without coke, in the Miguet- 

Perron furnace 


Cross-hatched areas represent conducting 
layers of 33 per cent limestone and 67 
per cent coke; 71/2 turns of screw = 

32 cubic decimeters 


Lightly shaded areas in diagram at lower 
right represent layers of limestone; 3 
turns of screw = 13 cubic decimeters 


Note: Rate of feed varies with density 
and size of material 


Consumption per metric ton of carbide: 
855 kilograms limestone; 560 kilograms 
coke; 14 kilograms electrode 


joined to arc furnaces; with the induction furnace it 
is possible to bring rapidly to a high temperature a 
crucible which can be easily handled; this facilitates 
the production of small thin castings. They are 
also used to apply quickly to castings the metal 
which is necessary for the correction of defects, 
cracks, and blowholes. 

For the foundry operations mentioned hereinbe- 
fore radiation furnaces have been developed re- 
cently which consist simply of a rod of molded 
graphite which follows the axis of the cylinder con- 
stituting the furnace. The heating takes place at 
the normal frequency at about 20 to 30 volts and 
several thousand amperes. A value of 15,000 am- 
peres has been attained with single phase current. 
One can also use several central rods, grouped for 
polyphase operation. 


CALCIUM CARBIDE FURNACES 


Consider, again, the large electrometallurgical 
and electrochemical industries. As a concrete ex- 
ample, attention will be given the furnaces used in 
the preparation of calcium carbide; these are quite 
similar to those which are used in the production of 
ferroalloys and abrasives, such as corundum and 
alundum. The dimensions of the apparatus which 
were used at the beginning of this century have been 
considerably increased, and enormous furnaces have 
been built recently, with the result that the specific 
energy consumption was reduced from 5 or more 
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kilowatt-hours per kilogram of carbide to 3 kilowatt- 
hours per kilogram. 

For the 1,000 kw or 1,250 kva unit it was custom- 
ary to use approximately 40 volts and 30,000 am- 
peres, single phase current, generally at a frequency 
of 25 cycles per second, in some cases 50 cycles. 
With the advent of the more powerful furnaces, it 
became more difficult to obtain an acceptable power 
factor. The inductance of such a furnace can 
be easily estimated; it suffices to measure the mean 
perimeter of the loop formed by the furnace, i. e., 
its vertical electrode, its bottom electrode, the leads 
to their point of junction to a single bundle of suit- 
ably interlaced conductors, then to multiply that 
length by 4.8 (using the centimeter as a unit for the 
length as well as for the inductance). By multiply- 
ing by 10~° and 2zf (f = frequency) one obtains the 
reactance in ohms. When the power of the furnace 
is increased without changing its general design, the 
reactance increases so that the reactive voltage, 
which is obtained by multiplying again by the cur- 
rent, attains the above-mentioned 40 volts and ex- 
ceeds that value. 

Two schools of thought of entirely different trends 
have found adherents: one school has followed the 
tendency to retain 40 volts or little more. In order 
to obtain this result, the loop dimensions had to be 
reduced as much as the service of the furnace and the 
operation of the electrode would permit, but this 
soon became insufficient. To overcome this diffi- 
culty, the following solution was worked out: an 
upper movable electrode was supplied by means of 
several loops operating in parallel, but running in 
different planes so as to have the lowest possible 
mutual induction. With this arrangement the re- 
active voltage will scarcely exceed that which corre- 
sponds to only one of the loops carrying its own cur- 
rent. The Miguet-Perron furnace constitutes a 
brilliant solution of these and many other engineer- 
ing difficulties. In some of these furnaces the power 
can be varied by regulating the voltage from 25 to 
55 volts, the current attaining several hundred 
thousand amperes (up to 400,000 amperes was at- 
tained in one particular furnace). Such large fur- 
naces range from 5,000 to 16,000 kva capacity, and 
operate always with one single vertical electrode. 
These furnaces are usually combined in pairs on a 
quarter-phase secondary circuit. The power factor 
at the normal network frequencies is around 90 per 
cent and even higher. 

According to the other school, the voltage was in- 
creased: at about 40 volts the furnace operates 
mainly as a resistance furnace, the resistance con- 
‘sisting of the molten carbide and a relatively small 
-amount of extremely hot substances directly above 
it; but if the upper electrode is pulled up, successive 
arcs are formed between pieces of the charge going 
into reaction. Hence a deeper furnace is required, 
of somewhat different construction, since the dis- 
tance between the vertical electrode and the bottom 
attains sometimes 1.8 meters instead of a few decime- 
ters as in the old apparatus. Ordinarily, with this 
arrangement of deep furnaces the 3 operating zones 
are combined within 1 single apparatus under the 3 
vertical electrodes of a 3 phase system, and then the 
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furnace has no true bottom electrode but simply a 
neutral point which carries no current when the 
3 star-connected arcs are well balanced. 


THREE PHASE AND 
SINGLE PHASE CALCIUM CARBIDE FURNACES 


From the purely electric viewpoint the 3 phase 
furnace has the advantage of reducing the currents 
and thus the difficulties entailed by the enormous 
currents. For equivalent operating conditions the 
power per 3 phase unit with 100 volts per electrode 
(173 volts between electrodes) and 33,000 amperes is 
the same as with one 40-volt 250,000-ampere single- 
phase furnace. It is certain that in the second case 
the difficulties to be overcome by the transformer de- 
signer and those caused by stray currents are greater. 

There is practically unanimous agreement as to the 
advantage of concentrating the heat in a zone of small 
volume for obtaining a very pure carbide (the high- 
est possible power per unit volume of zone) and this 
is the main argument of the partisans of retaining the 
single phase furnaces and the low voltage. However, 
the 3 phase furnace has made considerable progress, 
and to cite an example, the new 12,000 kw appa- 
ratus of the “Société des Produits Azotés’’ produces, 
with a specific consumption of 3 kilowatt-hours per 
kilogram, carbide yielding 300 liters of acetylene per 
kilogram, the voltage between the electrodes amount- 
ing to 165 volts and dropping sometimes to 100 volts. 
The consumption of ready-made electrodes or of 
paste for Sdderberg electrodes ranges with this type 
of furnace from 10 to 15 kilograms per ton of car- 
bide. The above-mentioned degree of purity of the 
carbide, which corresponds to 86 per cent of calcium 
carbide, is usually deemed sufficient for the produc- 
tion of acetylene as well as of cyanamide. It is very 
possible that better results may be obtained with 
single-phase low-voltage furnaces, should a higher 
degree of purity of carbide be required. 

The collection of the valuable carbon monoxide is 
no doubt easier in single phase furnaces, and the 
Miguet-Perron furnaces accomplish this task quite 
successfully. However, the 3 phase furnace also 
now permits the collection of a fair proportion of the 
carbon monoxide, 50 per cent at times and even 
more, according to certain authorities. 

One detail which differentiates the 2 extreme types 
of furnaces is the formation of vaults which prevent 
the material of the charge from advancing to the 
zone of reaction. These vaults must be broken; 
formerly, they were broken through manual labor 
by means of pokers; in the Miguet furnaces this 
difficulty has been very cleverly overcome by means 
of a somewhat complicated pneumatic device which 
pokes the vaults. Builders of large 3 phase fur- 
naces have now succeeded in entirely eliminating the 
necessity of breaking up the vaults, for in some 3 
phase furnaces the distance between the electrodes 
and walls of the chamber is sufficiently large to pre- 
vent their formation. 

In conclusion, it may be stated that the adherents 
of both systems vie with each other in the creation of 
ingenious devices, and it is impossible to attribute 
general superiority to either system. 
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THE MIGUET-PERRON FURNACE 


There will now be discussed a few points concern- 
ing the large single phase furnaces of the Miguet- 
Perrontype. (Seefiguresland2.) Inthese furnaces 
the transformer is placed underneath the furnace, and 
it is equipped on the high voltage side with an auto- 
matic voltage regulator with tap changing under load. 
The low voltage current is conducted along the fur- 
nace by a certain number of interlaced or transposed 
bars reaching up to the bottom of the furnace. A 
metallic wall around the brick casing is double and 
consists, in the large furnaces, of 2 bronze cylinders 
10 centimeters apart, insulated one from the other. 
The bars, for each of the polarities, are connected to 
their respective cylinders. 

The internal cylinder is connected to plates sealed 
to carbon blocks acting as the bottom electrode. 
The upper part of the external cylinder has an ex- 
tension in the shape of a truncated cone which sur- 
rounds the electrode and bears flexible leads. These 
leads terminate at the contact plates on the electrode, 
the number of which, distributed around the fur- 
nace, may reach at times 48. As a first result of this 
arrangement the furnace can be closed better and 
gases easily collected. 

The external cylinder, as well as the electrode, is 
grounded, and this constitutes a considerable ad- 
vantage, not only as far as the fabrication and the 
control of the electrode are concerned, but also as 
regards all the furnace operations in general. (Ina 
3 phase furnace the electrodes must be insulated one 
from another, and it is the bottom which is 
grounded.) 

The continuous electrodes of Miguet-Perron fur- 
naces consist of a peripherical part, which is progres- 
sively built on top of the electrode so as to compen- 
sate for its wear, and consists of sector-shaped pre- 
baked carbon blocks, carefully adjusted, the clear- 
ance ranging between 0.5 and 2 millimeters. These 
sectors are dovetailed, and the joints are lined with 
an appropriate paste. The cylindrical interior of the 
electrode is filled from time to time by a cheap paste 
consisting of coke powder and tar, rammed by pneu- 
matic hammers. The electrodes for 400,000 am- 
peres have an outside diameter of 4.05 meters, and 
the carbon wall is 65 centimeters thick. 

The use of such large electrodes bring up a special 
question with reference to the use of this furnace for 
the production of calcium carbide. With a resis- 
tivity of 5,000 microhms-centimeter (microhms per 
centimeter per centimeter square) at 50 cycles the 
skin effect reduces the effective peripheral thickness 
of the conductor to 50 centimeters (a little more be- 
cause of the contacts of the fabricated electrode). 
Thus the core of the electrode serves only as a sup- 
port for the peripheral blocks. This is true only at 
some distance from the extremities of a long elec- 
trode. At the ends, if connection is made to another 
conductor having a much higher resistivity (and not 
giving rise to such pronounced peripheral concentra- 
tion of current) the current distribution is extended 
to near the center of the electrode at the plane of 
contact. In the case under consideration the bath 
of molten carbide has a resistivity much higher than 
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that of the electrode (it requires a higher voltage for 
a much shorter length). As a result, the effective 
resistance is lessened and the zone of reaction is not 
so much diminished by the skin effect in the elec- 
trode. 

The problem thus stated is interesting from a theo- 
retical viewpoint. Practically, the inventor of the 
furnace considers that this current distribution over 
the face of the electrode is unfavorable (especially 
with such large electrodes) as it would superheat the 
already made carbide at the center of the bath with 
the effect of partial dissociation. This result is pre- 
vented by maintaining a small gap between the face 
of the electrode and the bath (see figure 2). 

The large part of the current flows from the exter- 
nal cylindrical surface of the electrode through the 
incoming charge, as indicated by the arrows in figure 
2. This requires a higher electrical conductivity of 
the charge than is general in calcium carbide fur- 
naces, and this degree of conductivity is obtained by 
the use of a special coke in small pieces and by regu- 
lating the proportions of carbon and lime in the 
charge as it comes from the different hoppers. Thus 
the charge as it reaches the path of the current con- 
sists of a controlled distribution of layers with a 
small proportion of lime (for high conductivity) and 
complementary layers of lime only, as shown in the 
diagram of figure 3. 

The inductance affecting the power factor is de- 
termined by 4 times the measure of the surface be- 
tween the internal conducting wall, the flexible leads 
and the length of the average path of current flow- 
ing in electrode and charge, divided by its average 
diameter. Even in the largest furnaces this surface 
is very much reduced (a few square meters) and the 
power factor attains 90 per cent and sometimes up 
to 95 per cent. Exterior views of Miguet-Perron 
calcium carbide furnaces are shown in figures 1, 4, 
and 5. 


PRODUCTION OF ALUMINUM 


Take another example, that of an industry which, 
in France, consumes approximately as much energy 
as the calcium carbide industry; namely, the pro- 
duction of aluminum. Here the size of the furnaces 
has increased to a lesser degree. The voltage cannot 
be raised, since it is determined by the electromotive 
force required for the electrolysis, plus the voltage 
drops which every one strives to decrease. As re- 
gards the current, it has increased from 10,000 am- 
peres or a little less, to 20,000 amperes or a little 
more; but this does not apply to all plants, since 
many of them have retained an equipment which was 
designed only for 10,000 to 15,000 amperes. Some 
pieces of apparatus operate at a higher current but 
rather in an experimental way. Finally, 100 kw per 
furnace is scarcely exceeded, and frequently even 
this figure is not attained. 

From the chemical viewpoint the operation is al- 
ways the same; alumina is dissolved in molten salts, 
the flow of direct current carries the aluminum to 
the bottom which is connected to the negative pole. 
As regards the composition of the bath, there is a 
tendency to simplify it, and the addition of divers 
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chlorides and fluorides (sodium, calcium) have not as 
many advocates as formerly, and cryolite or a double 
fluoride of aluminum and sodium of similar compo- 
sition is more often used. These last substances 
melt at a higher temperature than certain other mix- 
tures, but give rise to less evaporation and introduce 
fewer impurities. A certain diversity of ideas is 
apparent, within narrow limits, however, so that the 
operation of the furnaces and their output are not 
greatly affected thereby. 

The natural Greenland cryolite has been sup- 
planted to a considerable extent by artificial cryolite 
which is purer. In that bath the alumina is dis- 
solved in a proportion generally attaining a maximum 
of 15 per cent, is reduced by electrolysis, and must 
_then be re-established, etc. 

The method of extracting pure alumina has 
changed little: bauxite with as little silica as possible 
is treated in digestors by a concentrated soda solu- 
tion which is filtered, diluted, and stirred so as to 
cause the alumina to settle, then again concentrated 
and so on, according to Bayer’s process. The pres- 
ence of silica in the ore has the effect that a complex 
precipitate loses alumina and soda; its composition 
is rather variable, it has been found, for instance, 
that 1 part of silica will make insoluble 0.85 part of 
alumina and 0.8 of soda which are thus lost. Titanic 
acid acts in the same manner but about !/; as much. 


Fig. 4. The 16,000 kva Miguet-Perron calcium car- 


bide furnace shown infigure1. Top of furnace show- 
ing upper end of electrode and gas outlets 


With certain disadvantages, among which are these 
losses, one can treat bauxite and other ores contain- 
ing more silica and existing in inexhaustible quan- 
tities. However, it is quite understandable that the 
first treated bauxites had 2 to 4 per cent silica, con- 
taining generally more than 20 per cent ferric oxide 
which is less disturbing. In certain regions this 
material is becoming rare, but in others, such as 
British Guiana and India, it is still encountered in 
large quantities. 

Alumina as obtained by the Bayer process has a 
purity which has never been exceeded and even 
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reached by other methods; it amounts to 99.5 per 
cent and over in regular production. 

More recent research aims at the utilization of the 
ores of lower grade more frequently encountered, 
such as certain clays, treated by means of sulphuric 
and nitric acids, which have been combined to 
processes of the fixation of atmospheric nitrogen, and 
of the production of ammoniacal or nitric salts for 
agricultural purposes. 


THE ALUMINUM NITRIDE PROCESS 


It would seem apposite to call attention again to 
Serpek’s aluminum nitride process, the industrial 
exploitation of which 20 years ago was considered a 
failure, notwithstanding the ease with which the 
reaction can be obtained on a small scale. The ore, 
which can be a rather siliceous white bauxite, is 
treated in the electric furnace with carbon in a nitro- 
gen stream. Above 1,800 degrees centigrade the 
alumina reduction takes place with the formation of 
carbon monoxide, the aluminum combining imme- 
diately with the nitrogen. The product obtained 
from the furnace, which in regular commercial pro- 
duction could contain 18 per cent of nitrogen, can be 
easily treated with soda in a simplified Bayer plant 
producing ammonia and alumina. 

Some investigators are of the opinion that the 
difficulties which have been encountered could now 
be overcome, and that the process could be applied 
as far as its technical aspects are concerned, success- 
fully, in view of the considerable progress which has 
been made in the construction of electrothermal 
equipment. 

It would be necessary to furnish approximately 16 
to 18 kilowatt-hours per kilogram of nitrogen con- 
tained in ammonia, that is to say, nearly the same 
amount that can be obtained by water electrolysis 
and the compression of hydrogen with nitrogen 
derived from liquid air. The process involving the 
carbide and calcium-cyanamide gave similar results, 
though at present the large apparatus which has been 
discussed in the preceding section allows the energy 
consumption to be reduced to approximately 10 
kilowatt-hour per kilogram of nitrogen. The alu- 
mina which is obtained by the aluminum nitride 
method would, in this manner be a by-product, at 
least partly, and could be included in estimates at a 
rather low cost. 


ELECTROTHERMAL PRODUCTION OF ALUMINUM 


Attempts have been made to eliminate the purely 
chemical part of the manufacture of aluminum by 
treating the bauxite or similar ores in are furnaces 
until fusion, and bringing about the separation of 
impurities by the addition of carbon. This addition 
causes the reduction of oxides of iron, of silicon, of 
titanium, also a part of the alumina in the form of a 
complex alloy which is separated by tapping. On 
the whole, it is the application of the process by 
means of which abrasives, such as corundum and 
alundum which are crystallized impure alumina, are 
obtained; this process has been known for more than 
40 years. For the aluminum manufacture, the 
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highest possible degree of purity is aimed at, but so 
far not very favorable results have been attained 
from that viewpoint, although the process has been 
sometimes conducted until a second fusion, which is 
rather expensive. Another disadvantage is that the 
product is hard to crush and dissolves less readily in 
eryolite than alumina chemically obtained. The 
lower degree of purity influences the metal. It has 
been proposed to purify that alumina by means of a 
stream of hot chlorine which would volatilize the 
main impurities. 

An improvement consists in transforming the 
alumina into aluminum sulphide by introducing 
iron sulphide into the arc furnace (Haglund process). 
The aluminum sulphide thus obtained melts at 1,000 
degrees centigrade and dissolves alumina. The 
product, when treated with water, produces alumina 
and hydrogen sulphide which can be used for repro- 
ducing the iron sulphide. The consumption in elec- 
tric energy is reduced to 75 per cent of the amount 
required by the simple arc process. Moreover, the 
alumina is purer, although it does not quite attain the 
quality obtained with the Bayer process. The 
Haglund process is applied in an Italian plant. 


ELECTRICAL QUANTITIES 
INVOLVED IN PRODUCING ALUMINUM 


The electrolytic operation of producing aluminum, 
constituting in itself a reaction or sum of reactions, 
consists in decomposing the alumina into metal and 
into oxygen which burns the carbon of the electrode. 
From there, the dissociation voltage will amount to 
2.79 volts if the oxidation of the carbon is not sup- 
posed to intervene, 2.22 volts if that oxidation pro- 
duces carbon monoxide, and 1.76 volts if it produces 
carbon dioxide. As-a matter of fact, the gas issue 
from the electrodes is a mixture of carbon monoxide 
and carbon dioxide. Theoretical questions are here 


arising which have not been perfectly clarified as yet. 

The voltage is increased as a result of secondary 
effects (some of which are not quite well defined), and 
because of the resistance of the bath. Toward 950 
degrees centigrade the ordinary cryolite baths, or 
similar mixtures of sodium fluoride and aluminum 
fluoride, and about 15 per cent alumina, have a re- 


sistivity of 0.55 ohm-centimeter, which drops some- 
what when the temperature rises. Certain additions, 
now less frequently used, such as calcium fluoride, 
lower the resistivity toward 0.4 ohm-centimeter, 
but then the bath will dissolve the alumina with more 
difficulty and its density will be increased, a feature 
which impedes the separation of the metal. 

According to Faraday’s law, one kilogram of alu- 
minum is produced with 2,980 ampere-hours. In 
practice, the yield is somewhat lowered by several 
secondary effects, and especially by the oxidation of 
the aluminum already formed, remaining in small 
drops in the bath, whose density differs little from its 
own. These aluminum droplets are encountered by 
the oxygen traveling toward the anode, and are 
oxidized again. Practically, 3,720 ampere-hours are 
sometimes required with the yield dropping to 80 
per cent, and up to 3,975 ampere-hours with a yield 
of only 75 per cent. . 

The theoretical consumption calculated with 2.22 
volts would be 6.6 kilowatt-hours per kilogram of 
metal. Practically, much more is needed, and the 
performance barely attains an energy efficiency of 
30 per cent (always assuming a theoretical electro- 
motive force of 2.22 volts). 

The figures which have been published are much at 
variance; sometimes they are influenced either by 
pessimism or optimism, but they are often the result 
of appreciable errors in measurement. The first 
plants with d-c generators were usually not provided 
with apparatus for measuring the current and the 
power which were accurate and not influenced by 
the magnetic fields due to the intense adjacent cur- 
rents. Moreover, one must bear in mind that some 
authors speak of the yield of the furnace, properly 
speaking, while others consider also the conductors 
between furnaces and to the machines. It is also 
necessary to introduce the effect of discontinuous 
operations, and of the stops, a very important factor 
as has already been indicated. This explains the 
variety of opinions concerning the progress which has 
been achieved. 

As a matter of fact, since anodes of rather large 
cross section are generally used (over 30 by 30 cen- 
timeters and in small numbers), the current density 
dropping to one ampere per square centimeter, not 


Fig. 5. Second floor view of the 
furnace of figure 1 showing the air 
driven pokers and the motor driven 

screw feeds 
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much progress has been accomplished as far as the 
power consumption is concerned, except on one point: 
_ the losses through the bottom of the hearth. 
Even before 1900 the consumption required in 
_ furnaces designed by Heroult was little less than 25 
kilowatt-hours per kilogram. Surveys conducted in 
1910 in a number of well-equipped plants give similar 
figures, some a little lower. A large project, which 
had been worked out at that period for installations 
to be operated with 3-phase high-voltage current 
called for 30 kilowatt-hours per kilogram, including 
the transformation of current and other items, such 
as the various motors, among them those required for 
the manufacture of electrodes and the hoisting and 
conveying apparatus. In this case the plants were 
to receive their power with considerable fluctuations, 
and that alone would give an appreciable increase 
above the figure which could be obtained with a 
fixed amount of power. In this manner the series 
of 10,000 ampere furnaces with well-designed con- 
necting bars and good electric contacts would have 
absorbed, in steady operation, approximately 25 
kilowatt-hours per kilogram. | 


PRESENT-DAY ELECTRICAL CONSUMPTION 


What figure has been reached today? The losses 
through the bottom of the former furnaces were far 
too high. It was then customary to use a cast iron 
or steel bottom plate and to cover it with a mixture 
of carbon powder and tar compound. This mixture 
was baked during the first operating period, and in 
this manner had a resistivity attaining 5,000 and 
even 10,000 microhms-centimeter, that is, respec- 
tively, 1/200 or 1/400 of the conductivity of hot iron. 
However, the heat conductivity remained about the 
same as that of iron or only a little less. As result 
with such an arrangement, a thin layer of carbon will 
limit the electric losses considerably, but it will allow 
a large quantity of heat to escape which is with- 
drawn from the bath, to such an extent that the bot- 
tom plate may become red hot and thus imperil the 
electric contact. In order to reduce the temperature 
of the bottom plate under these conditions, the thick- 
ness of the carbon lining had to be increased, beyond 
40 centimeters at times, and then its electric resist- 
ance became too high. Formerly it was considered 
that a voltage drop of one volt between the metal 
bath and the incoming negative conductors was a 
good result notwithstanding the fact that this corre- 
sponded to a supplementary supply of 4 kilowatt- 
hours per kilogram of aluminum. Indeed, since 
more than 20 years ago, this point was taken into 
consideration. By lowering the voltage drop to 0.5 
volt without increasing the heat conductance, 2 
kilowatt-hours per kilogram can be gained and still 
more if the heat conductance is reduced as much as 
possible. 

A scheme, which is frequently adopted, consists in 
using rather thick carbon blocks, prepared as are 
electrodes, which are placed on the bottom plate; 
cast iron is then poured between the blocks so that it 
will reach the bottom plate and after its solidification 
will combine the entire system into one solid block. 
The lower surface of the bottom plate is provided 
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with heat insulation; nevertheless the part which 
projects outside the furnace, where the,negative con- 
ductors are connected (steel is copper plated at 
times), may still become too hot. 

A better construction is to provide each one of the 
carbon blocks with an iron rod which is preferably 
sealed by pouring cast iron just as in the case of the 
anodes. These bars are fastened to the bottom plate 
by means of suitable nuts which insure sufficient 
electric contact. The lower part of the blocks is 
separated from the bottom plate by a lining which 
constitutes a good heat insulation and through which 
the iron rods pass. In addition to this, cast iron 
may be poured between the blocks so as to unite the 
whole very solidly. 

The increase of the rated current reduces somewhat 
the specific consumption, for the relative lateral sur- 
face of the furnace decreases slightly. The change- 
over from 10,000 amperes to 20,000 amperes brings a 
slight gain of scarcely one kilowatt-hour per kilogram. 

A cross section of a 20,000 ampere aluminum fur- 
nace is shown in figure 6. 

Several pieces of apparatus as described in the fore- 
going paragraph, rather similar in design, have been 
put in service by various manufacturers. These fur- 
naces, of 20,000 amperes capacity on an average, will 
consume 22 kilowatt-hours per kilogram at constant 
power (including the connections) with 3,700 to 3,800 
ampere-hours per kilogram and a voltage of 5.8 to 
6. Sometimes a lower voltage can be obtained by 
placing the anodes closer to the bottom, but this 
causes a slight increase in the ampere-hour consump- 
tion, for some of the liberated aluminum swimming 
too near the anode oxidizes, especially when the dis- 
tance between the anode and cathode becomes less 
than about 6 centimeters. A consumption amount- 
ing to a little less than 22 kilowatt-hours per kilogram 
can be arrived at, in average commercial operation 
by careful tending and supervising. Is it possible to 
attain 20, or even less, as some have claimed? This 
is the best which seems obtainable with modern fur- 
naces, whose general conception dates back 40 years. 

There remains little whereby these results could be 
improved. One could try to decrease the voltage 
between terminals by further decreasing the current 
density in the anodes, which at present has been 
brought down to approximately one ampere per 
square centimeter. But in order to maintain the 
necessary temperature—without appeal to a supple- 
mentary heating by coal or gas, already mentioned 
by Hall and Heroult—the heat losses must be re- 
duced; most of these originate from the upper sur- 
face. It must. be remembered that in the conven- 
tional arrangement the upper surface must be free 
and that room must be left for the regulating, the 
changing of the anodes, the introduction of alumina, 
and the agitation of the bath. The heat losses, 
originating from the upper surface, correspond from 
8 to 10 kilowatt-hours per kilogram of aluminum 
produced. ‘These high losses have led to the con- 
struction of closed furnaces, some of which, involving 
the use of removable walls, have been already built. 
Some designers would like to go one step further 
and surround the apparatus with a permanent vault 
accompanied with mechanical devices that would 
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insure automatic operation and especially an alter- 
nating motion of the anodes which will now be dis- 


cussed. 
CONTROL OF THE ANODE EFFECT 


The dissolution of the alumina in the bath is rather 
slow. Inthe early models the round furnace rotated 
around a vertical axis, and the anodes remained sta- 
tionary. The negative pole was connected to a con- 
tact ina mercury pool. This arrangement produced 
a permanent agitation, favorable to the dissolution 
of the alumina which was constantly added to the 
bath. When the current was raised, this arrange- 
ment had to be abandoned. The dissolution of the 
alumina must be facilitated by stirring the bath from 
time to time with rabbles, but without entirely pre- 
venting the disagreeable ‘“‘anode effect.”” As soon as 
the bath contains too little alumina, its resistance 
increases, the gases caused by the reaction gather 
under the anodes, and the furnace (which forms a 
part of a series to which a constant voltage is applied) 
absorbs, instead of 6 volts, up to 15 volts, 30 volts, 
and more; this in turn creates excessive heating and 
the well-known trouble entailed thereby. For this 
reason much importance is attached to the trans- 
versal dimensions of the anodes which must not 
exceed certain limits. Tests which were conducted 
about 1910 have proved that it is scarcely advisable 
to go above 40 centimeters in one dimension; in 
20,000 ampere circular furnaces built in 1912 the 
electrodes had a trapezoidal section (dimensions 
60 by 40 by 10 centimeters) to provide outlets for 
the escape of the gases. At the same period a design 
for a square furnace with electrodes of 65 by 65 
centimeter section was rejected because of these large 
dimensions. 

It seems that these results have been all forgotten, 
as 15 to 20 years later furnaces with one single 
Séderberg electrode of 1.6 meter diameter made their 
appearance; these furnaces operated rather poorly, 
their voltage rose at times up to 80 volts, the escape 
of the gases from the anode surface being very diffi- 
cult. 

The use of continuous electrodes in a furnace, 
whose losses everybody insists should be reduced, 
seems rather debatable. The “lost heat’? must be 
rather suppressed than utilized. But perhaps there 
may be some compromise in special rare cases. 

The anode effect can be very much lessened by 
some stirring which aids the displacement of the 
alumina. For many years various devices to this 
end have been discussed, such as an alternating rota- 
tion of the furnace or the alternating displacement of 
the anodes (planer motion), the effect of which could 
be improved by inclining the anodes or by giving 
them a cross section in the shape of a parallelogram. 
Also an auxiliary alternating current has been advo- 
cated which would flow through the bath at right 
angles to the direct current producing the electroly- 
sis. So far all these arrangements have found little 
application in practice. It might be worth while to 
give them again due consideration. 

It is a well-known fact that the direct current is 
interrupted in a liquid bath when the aluminum is the 
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anode and receives oxidizing ions. The following 
question arises: if an aluminum bath is supplied 
with alternating voltage preferably of low frequency, 
will the current appear only in the direction re- 
quired by the electrolysis? If that were possible 
it would render the transformation of alternating to 
direct current unnecessary. It has been found by 
experience that this does not happen, and this might 
be foreseen for the alumina layer which is produced 
on the aluminum anode is too rapidly dissolved. 


OTHER USES OF IGNEOUS ELECTROLYSIS 


Magnesium is also obtained by means of igneous 
electrolysis, but so far, little success has been made by 
the decomposition of magnesia dissolved in appro- 
priate baths. Certain fluoric baths have been pro- 
posed; however, these baths have the disadvantage 
that they dissolve too small a proportion of oxide; 
moreover they are expensive. For this reason, the 
chloride is generally electrolyzed, but this process has 
the inconvenience of generating chlorine, a noxious 
gas which requires closed apparatus. Chlorine is 
used for the reproduction of chloride, for the ores 
conduct to the oxide or magnesia. 

It may be mentioned that in the electrolysis for the 
production of sodium, one has the choice of electro- 
lyzing sometimes the oxide, at other times the 
chloride. The latter, common sea salt, is much less 
expensive but requires another industry operating 
conjointly which will absorb the chlorine. 

The size of the furnaces for the production of mag- 
nesium has considerably increased. The same prin- 
ciples which are applied to aluminum cells have 
made it possible to come closer to the theoretical 
consumption which corresponds to the decomposition 
of magnesia requiring 6.9 kilowatt-hours per kilo- 
gram with a theoretical electromotive force of 3.1 
volts. Certain apparatus has been described which 
operates at about 7 volts and consumes about 20 
kilowatt-hours per kilogram, corresponding to an 
efficiency of about 80 per cent as regards current and 
of about 34 per cent as regards energy. 

It is to be feared that whatever improvements can 
be made in igneous electrolysis will lead only to a 
rather mediocre efficiency. This is the common 
fate of much apparatus operating at low voltage and 
high current, whose losses will never go below a cer- 
tain limit. From a certain point which is now nearly 
reached, any improvement in the efficiency entails a 
relatively high cost which is sometimes prohibitive. 

Does this mean that other processes must appear 
for obtaining metals such as aluminum and mag- 
nesium? This goal is perhaps not beyond reach con- 
sidering the progress and improvements made in 
industrial electric heating, which were not thought of 
when other processes were abandoned for electrolysis. 


AQUEOUS ELECTROLYSIS 


A few words may be added regarding aqueous elec- 
trolysis. The decomposition of water was developed 
to a great extent because of the demand for pure 
hydrogen, which is mainly used for the production of 
ammonia (by compressing it with nitrogen). Very 
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Fig. 6. General arrangement of 


20,000 ampere aluminum furnace 


A—Carbon lining 
B—Bottom plate 
C—Terminals 


D—Screw for vertical movement of all 
electrodes 

E—Individual adjustment of electrodes 
on positive bus 

F—Electrode 

P—Spout 


large plants have been started. In France one of 
these plants comprises a converter station aggre- 
gating 26,000 kw. 

The electrolysis of sea salt for the production of 
chlorine or chlorates (depending upon whether a 
diaphragm is introduced or not) has attained a state 
of perfection where only details are subject to some 
improvements. One striking point may be men- 
tioned in particular: the question of decomposing 
the chlorate which was already formed by the hydro- 
gen produced at the cathode, which decomposition 
formerly reduced the current efficiency to 30 per cent 
at times, has been solved by adding to the bath small 
quantities of substances, especially bichromates; as 
a result of such a small change the current efficiency 
regularly reaches nearly 80 per cent. 

It is always interesting to mention applications 
which represent progress realized in other industries. 
Thus, in the production of sodium chlorate, one ob- 
tains a solution containing approximately 100 grams 
of chloride and 450 grams of chlorate per liter, and it 
is necessary to extract the major part of the latter 
salt, and to return the liquor to the circuit after 
having brought the quantity of chloride to 280 
grams per liter. Formerly ?/; of the water was 
evaporated. While the chlorate is very soluble in 
hot water, the solubility of the chloride is practically 
independent of the temperature, and thus the chlo- 
ride would be deposited during the concentration and 
the chlorate during the cooling. In this manuer, the 
expenditure of coal amounted to 0.5 kilogram per 
kilogram of chlorate obtained; the progress ac- 
complished in the refrigerating industry has made it 
possible to cool the liquors below zero degrees centi- 
grade economically. The chlorate which is not very 
soluble in the cold state, especially when the liquor 
contains chloride, is deposited alone; the coal ex- 
penditure is quite eliminated and the power con- 
sumption of the motors driving the refrigerating 
machines has been made only one per cent of the 
power required for the electrolysis, amounting to 
about 0.07 kilowatt-hour per kilogram of chlorate. 


CHOICE OF VOLTAGE 


The choice of voltage is very important to the 
electrical engineer. In general, it is preferred to 
apply a voltage which, though remaining moderate, 
will be as high as the apparatus and lines will war- 
rant. The increase in power of the installation 
justifies this tendency more and more. 

The arc furnaces for the production of steel have 
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passed from 40 volts and 100 volts to 250 volts and 
beyond with good results. It is common practice to 
use 3 phase current with the neutral grounded. The 
workmen very seldom need to come into contact 
with the electrodes. 

The induction furnaces comprise circuits of 2,000 
volts and more, with a separation of only 4 to 5 
centimeters between the conductors and the molten 
metal. Also these circuits are so located that the 
operators are likely to come near them. Will this 
apparatus, when used in large numbers, entail the 
trouble feared by certain experts? It must not be 
overlooked that, with certain precautions in the 
design, it is possible to build low voltage apparatus. 

The igneous electrolysis of alumina is accomplished 
by connecting the furnaces in series up to 500 volts 
and beyond. It suffices to place the 2 ends of the 
battery of furnaces far enough apart to avoid any 
danger. 

Also in the aqueous electrolysis a potential of 500 
volts has been attained, even in those plants where 
the operating personnel has to perform certain 
operations with live parts. In these installations 
the middle is grounded and precautions as regards 
insulation are taken which have been shown in prac- 
tice to be sufficient. 
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Load Losses in Salient 


Pole Synchronous Machines 


The short circuit test of a salient pole syn- 
chronous machine in which rated armature 
current is being circulated is conventionally 
used for determining the load loss. In 
certain cases, it is necessary also to know 
the load losses when the machine is oper- 
ated at rated conditions of voltage, cur- 
rent, and power factor. Methods for pre- 
determining the short circuit losses are 
given in detail in this paper, and the 
results of calculations are presented. Meth- 
ods of predetermining the losses under 
rated conditions are given briefly. 


By 
E. 1. POLLARD 


Membership Application Pending 


Westinghouse Elec. and 
Mfg. Co., Pittsburgh, Pa. 


Tus segregated loss efficiency of a syn- 
chronous machine is demonstrated using losses ob- 
tained from tests performed in accordance with ac- 
cepted test procedure. The component losses are 
friction and windage, no load iron loss, armature 
copper loss, field copper loss, and load loss. The 
copper losses are based upon the d-c resistances of 
the respective windings. The A.I.E.E. standard test 
for load loss is performed by operating the machine on 
short circuit with rated armature current. Then 
the load loss is defined as the total shaft input minus 
the friction, windage, and armature copper losses. 

In order to predetermine the conventional load 
loss, it is mecessary to study conditions existing 
within the machine during operation on short cir- 
cuit. The alternating armature slot leakage flux, re- 
sulting in eddy currents in the armature copper, is 
the most obvious source of load loss. The eddy 
currents cause a copper loss in addition to that repre- 
sented by the d-c resistance which is generally the 
largest single component of the short circuit load 
loss. The magnitude of this loss may be determined 
mathematically. 

The magnetomotive force of the armature winding 
as distributed in the air gap may be regarded as com- 
posed of a sinusoidal fundamental, a series of phase 
belt harmonics due to connecting the winding in 
definite phases, and a series of slot harmonics due to 
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concentration of the current in a finite number of 
slots. 

During the short circuit test, the fundamental 
armature magnetomotive force is practically di- 
rectly opposed to the field winding magnetomotive 
force. The latter is not distributed sinusoidally in 
the air gap. The resulting differential flux is a 
source of losses in the stator teeth and supporting 
end fingers. These losses are not a very large part 
of the total conventional load loss, except in machines 
of unusual design. 

The phase belt and slot harmonics produce fluxes 
resulting in losses in the pole face and the damper 
winding. These losses may be predominant in low 
speed machines with short air gaps and high resist- 
ance damper bars. The phase belt losses are quite 
large in 2 phase machines under certain conditions. 

Although the flux paths in the end zones are prin- 
cipally through air, appreciable flux densities can 
exist in adjacent iron parts due to currents in the end 
windings. This is partly due to the ineffectiveness 
of the field magnetomotive force in opposing that of 
the armature end winding and partly to the relatively 
small areas of the flux paths in the solid iron parts. 
The end bell and end plate losses are of importance 
in machines of large pole pitch. 

When the machine is operated at rated conditions 
of voltage, current, and power factor, a high peak 
density appears at one edge of the pole, the 
magnitude of which is reduced by saturation of the 
stator teeth and of the pole tips. The peak density 
results in larger losses in the stator teeth and asso- 
ciated parts and in increased pole face and damper 
winding losses. 


Eppy CURRENT Loss IN ARMATURE COPPER 


The most obvious source of loss is the armature 
slot leakage flux which causes a nonuniform distribu- 
tion of current in the armature winding. Although 
the combinations of strands and conductors in the 
armature winding may become complicated, the dis- 
tribution of flux density across the armature slot is 
simple and the loss resulting from eddy currents may 
be determined mathematically. This has been done 
by Gilman,’ whose formulas were used in calculating 
this component of the load loss in the examples of 
table II. 

In addition to eddy currents arising from flux dis- 
tribution in the slot, another type of eddy current is. 
found in the end portions of the coil. Current in the 
end windings produces a flux density in the end zones. 
having a component approximately perpendicular 
to the plane of the windings. This gives rise to eddy 
currents flowing along one side of each strand and 
returning along the other side. No attempt has 
been made to calculate the resulting loss. Allow- 
ance for this loss may be made quite roughly by as- 
suming the strand loss in the end portions of the coils. 
to be the same as in the embedded parts. 


Losses Due To Arr Gap FLuUx DISTRIBUTION 


The magnetomotive force of the armature winding 
as distributed in the air gap may be regarded as com- 
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posed of a sinusoidal fundamental, a series of phase 
belt harmonics due to connecting the armature wind- 
ing in definite phases and a series of slot harmonics 

due to concentration of the current in a finite number 
of slots. 


=< 


Losses DUE TO FUNDAMENTAL 
OF ARMATURE MAGNETOMOTIVE FORCE 


The power factor of a synchronous machine op- 
erating on short circuit is approximately zero. Only 
polyphase machines, in which the fundamental of 
armature magnetomotive force rotates synchronously 
with the field, are considered herein. The maximum 
of the armature magnetomotive force fundamental 
occurs approximately at the pole center line and op- 
poses the magnetomotive force of the field. In sali- 
ent pole machines the latter is distributed as a rec- 
tangular wave at the air gap. The resultant mag- 
netomotive force sets up a flux in the air gap which, 
though very much distorted, must contain a large 
enough fundamental to induce a voltage in the arma- 
ture winding equal to the armature leakage reac- 
tance drop. A large third harmonic is also present 
so that the total flux wave has high peaks near the 
pole tips and a minimum value, which may be nega- 
tive, at the pole center line. This is illustrated in 
figure 1. 

Since both field magnetomotive force and arma- 
ture magnetomotive force fundamental rotate syn- 
chronously, the resulting flux cannot produce loss 


Fig. 1. Flux 
map of synchro- 
nous machine on 
short circuit, and 
corresponding 
distribution of 
flux density along 

stator surface 


2.RESULTANT MMF 
ACROSS GAP 


3. RESULTANT AIR GAP 
FIELD FORM ON 
SHORT CIRCUIT 


in the field member. The flux wave cuts only the 
armature and because of its peculiar shape and high 
peaks, is a source of loss in the armature teeth and 
supporting end fingers. 

In the ‘“‘per unit’’ system of notation used herein, 
rated voltage and current are considered as unit 
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voltage and current, respectively. (In the “‘per 
unit’’ system, 1.5 per unit, for example, corresponds 
to 150 per cent in the more usual system.) Since 
only the condition of rated or unit current on short 
circuit is considered, reactance voltage drops are 


Table I—Results of Calculations for Maximum Flux Density 


No. Poles Kva Bez Bec/Xd 
LE es elas. ews AS mies Steer 390 Ave estes eh 0:45" Sa eeacnien 0.372 
Ds Liters ete ee Cm ZS reaver: snare 073457. eee 0.268 
hee ee SE 8; OOO a-ak OF355e.eRe ee 0.261 
BS htc Ae Samet ee PADAUOO Peroni cna ose 2 0.395% aot ease ses 0.315 
Li act Oe OTe 8. 20 O00 S Mientras OSL cates 0.273 
Ore wee scl ott 10.6. ee OL O00 rar, cates Ov. 59 At se ee 0.40 
6s taht ROR USS Save tere ane SY Ast OS ee ee cared 0332: ei eer 0.261 
Suyeniciawieie ZO) «caret mee LODO ner ee <hess O<3T Se. liciartee 0.255 


equal to the per unit reactances expressed as frac- 
tions of rated voltage. The air gap ampere turns 
corresponding to rated voltage and speed are defined 
as unit ampere turns. 

On this basis, the nominal voltage on short circuit 
is equal to the synchronous reactance, Xz. The 
field excitation in terms of unit ampere turns is also 
equal to the synchronous reactance. The demag- 
netizing ampere turns of the armature are equal to 
the magnetizing reactance, X.g. The maximum 
value of the magnetomotive force of the armature is 
Xai + Cm, Where C,, is the ratio of the fundamental of 
the direct axis field form obtained when the armature 
only is excited to the fundamental of the field form 
obtained when the field only is excited. The result- 
ant magnetomotive force across the air gap, there- 
fore, increases sinusoidally from a minimum of X_ — 
(Xaa + Cm) at the pole center line to a maximum of 
Xq at the center line between poles. This is repre- 
sented by curve 2 on figure 1. This resultant mag- 
netomotive force acting on the air gap reluctance 
produces the short circuit field form represented by 
curve 3 of figure 1, which is calculated from the flux 
plot shown. 

The pole face contour, which determines the air 
gap reluctance at any point, varies in different ma- 
chines and cannot readily be represented mathe- 
matically. In order to obtain a simple method of 
calculating the maximum gap density on short cir- 
cuit B,, a number of flux plots similar to that of 
figure 1 were made. The results are given in table I. 
These results indicate that with the exception of the 
first and sixth examples, B,, = 0.27 Xq approxi- 
mately. The exceptions are machines whose pole 
contours were concentric with the air gap and not 
‘“‘smoothed off’ at the tips as is customary. In such 
cases B,, should be obtained by plotting the field 
form for short circuit conditions. 


ARMATURE TooTH LOSS 


Since the loss at 60 cycles in silicon core punchings 
is mostly hysteresis loss, the load loss in the teeth 
will depend mainly upon B,;, and the shape of the 
hysteresis loop. The hysteresis cycle contains 2 
large displaced loops whose total area is about equal 
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Fig. 2. Effect of 
coil pitch upon the 
phase belt harmonic 
losses as given by 
equations 15 and 19 
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to that of the normal loop. The maximum tooth 
density on short circuit is B;, X (tooth density at 
no load rated voltage). The load loss in the teeth 
can be calculated from the same curves used to get 
the no load tooth loss, except the result must be 
multiplied by 2 to correct for the displaced hystere- 
sis loops. 


EnpD FINGER Loss 


The loss in the supporting fingers at the ends of 
the core is almost entirely a loss of the eddy current 
type. This loss arises from the fringing flux en- 
tering the fingers from the ends of the pole. The no 
load finger loss is calculated in terms of the maximum 
density in the gap at no load, B,. Since the finger 
loss is an eddy loss, it can be calculated for short cir- 
cuit conditions as the sum of the losses produced by 
each individual harmonic of the short circuit field 
form. Assuming that the loss for each harmonic 
varies as the square of its frequency and maximum 
density, it may be calculated as follows. The maxi- 
mum value of the fundamental is equal to the arma- 
ture leakage reactance Xz, and the loss is Xz? X (no 
load finger loss). Since Xz seldom exceeds 20 per 
cent, the loss due to the fundamental may be neg- 
lected. 

The maximum value of the third harmonic is 
roughly 0.6 B;, for average proportions. The loss 
due to the third harmonic then is 9 (0.6 B,.)? = 
3.24 B;.? X (no load finger loss). Similarly, the 
fifth harmonic contributes 1.5 B,,2. The effect of 
higher harmonics decreases rapidly with the order 
of the harmonic. For a machine of average propor- 
tions, the sum of the losses of all harmonics is: 


End finger loss = 5(Bs¢)? X (no load finger loss) (1) 


PHASE BELT HARMONIC LOSSES 


The magnetomotive force produced by current in 
one phase of the armature winding is trapezoidal in 
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shape. The width of the base of the trapezoid is the 
pole pitch T,. The width of the top is 7, — 2L, 
where 2L. = width of one phase belt. Representing 
the trapezoidal wave by a Fourier series, the maxi- 
mum value of the mth harmonic is, 


4 sin nl 


nr nL 


The ratio of the maximum value of the mth harmonic 
to that of the fundamental is, 


Kon sin nL 
K pn? sin L 


where K>y, and K, are the chord factors for the mth 
harmonic and fundamental, respectively. This ratio 
is also true for the total magnetomotive force of all 
phases acting together. Since the maximum value 
of the fundamental of armature magnetomotive 
force is Xaa AT, + Cm ampere turns, the maximum 
value of the mth harmonic is 


(2) 


a XadAT eK pn sin nL 


= mpere turns 3 
a Cnun?K» sin L oie @) 


See appendix I for a list of symbols. 
In a 3 phase machine the fifth harmonic rotating 
in the opposite direction from that of the fundamen- 
tal at one fifth of synchronous speed cuts the field 
surface at 6 times fundamental frequency. The 
seventh harmonic rotating in the same direction as 
the fundamental at one seventh of synchronous speed 
also cuts the field surface at 6 times rated frequency. 
These 2 harmonics combine to produce a flux of 6 
times fundamental frequency entering the field sur- 
face and causing pole face loss. If a damper wind- 
ing is present, this flux is damped out by currents of 
6 times fundamental frequency in the damper wind- 

ing, resulting in damper loss. 

The eleventh and thirteenth harmonics likewise 
combine to produce flux of 12 times rated frequency 
in the field, and Doherty and Nickle? have shown that 
all multiples of the sixth harmonic may exist in the 
field. The magnitudes of these harmonics of higher 
order are sufficiently small that they may be neg- 
lected from the standpoint of loss, even though their 
frequencies are high. 

In a 2 phase machine, the third and fifth harmonics 
of armature magnetomotive force combine to pro- 
duce a fourth harmonic of flux in the field. The 
resulting losses are usually much larger than the 
sixth harmonic losses in a 3 phase machine. This 
accounts for the observed tendency of 2 phase ma- 
chines to have higher load losses than comparable 3 
phase machines. The losses caused by multiples 
of the fourth harmonic may be neglected. 

Phase belt harmonic losses in the damper winding 
result from current flowing through resistance. 
Since the pole laminations are of relatively high re- 
sistivity and thickness, the pole face loss is princi- 
pally eddy current loss. It is, therefore, necessary 
to examine the way in which the 2 harmonics com- 
bine at various points along the pole surface and ob- 
tain an effective value of the resultant magnetomo- 
tive force averaged over the pole face. The fifth 
and seventh harmonics are in time phase at the pole 
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center line and rotate negatively with respect to the 
pole surface. They are 180 degrees out of phase at 
_ the center line between poles. At any intermediate 
point at an angle @ from the pole center line, the 
_ phase angle between A; and A; is 20. The resultant 
magnetomotive force at any point is the vector sum 
of A; and A;. The effective value of the resultant 
averaged over the pole face for an average pole 
width of ?/; the pole pitch is: 


js \" (MEIC : 
(ee eS 
e ale (As + Az)d 0 


Dai Pete ae ae 


~ Ace = 0.98/42 + A,” +0.866 AsAz 


The corresponding value of A, for a 2 phase ma- 
chine is: 


Aw = 0.98 VA, + A? + 0.866 AsA5 


The numerical values of Ke and K.4., where 


(4) 


(5) 


K eX adA Ty 
Cn 


= KueXadA Ts 


A = 
6e Ca 


Ate (6) 
are plotted as functions of the fundamental chord 
factor in figure 2. 


PHASE BELT HARMONIC 
Loss IN THE DAMPER WINDING 


Taking the maximum value of the mth harmonic 
of magnetomotive force as unit ampere turns, the 
nth harmonic flux linked by a pair of damper bars is: 


_ 3.19 X 0.636 T; sin (6,/2) 


¢ (7) 
J nN Se 
where 
N Ty X 180 degrees 
&y = “=> Sr an (8) 
ie 


The mutual flux which links the pair of bars in addi- 
tion to ¢», due to currents in the 2 damping circuits 
on each side of the one considered is: 
én = 3.19 /2 Te x 2 Xs cos on (9) 
where J, is the current in each damping circuit. 


dp + om 


eee NA i0 
de 3.19 +/2 (Ng + 2As) or 


The resultant current in a damper bar is: 
i= Te A/ 21 = 008.8) (11) 


Substituting equations 7 and 9 in 10, solving for J., 
substituting the resulting value of J, in equation 11, 
and rearranging gives: 


0.636 T;, 


V/2 1 ge F 


lyn = (12) 


Xg 
SS ap ANG 
— cos bx 


The derivation of equation 12 is made very brief 
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here, since the solution is given in detail in reference 
3 at the end of the paper, equations 1 to 6. 
The total sixth harmonic current at the pole center 
line of a 3 phase machine is: 
A; A, 
+2 | 


ES any NTT 
: i TCOSuOE 3 f 1 — cos 6, 
(13) 


This equation may be simplified without great loss 
of accuracy by assuming that 5 and 7 in the denomi- 
nators of the bracketed quantity equal 6 and that 
5; = 67 = 6 J, X 180 degrees/7,. Making these 
approximations and substituting the effective value 
of the resultant of A; and A; given by equation 6 
gives: 


a 0.636 T, 
V2 Se 


Is 


Kee Xad ATg 
Xg 
Gj ——— 2X 
- G — cos dg zy :) 


The effective damper bar resistance is pl Ky + 
10°a. Theconstant C;,, does not vary widely in differ- 
ent machines and is equal to 0.84, approximately. 
Then the total sixth harmonic loss in the damper 
winding is Js? multiplied by the effective bar resist- 
ance and the total number of bars NV: 


ae 0.636 T, 
; 64/2 ge 


(14) 


2 
0.792pl KyN Ty | 


= x 
D6 101g Le (} oe ED M 
1 — cos 66 


Reeiaglde eile 


(15) 


Equation 15 gives the loss in kilowatts. 

The loss in a 2 phase machine Wp, is obtained by 
substituting 1.78 for the constant 0.792 and 6, for 
és in equation 15. & = 4 T; X 180 degrees/7;. 
Also, the increase in bar resistance Ky must be cal- 
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io) 
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De) 
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Fig. 3. Distribution of flux density at pole surface 
due to equal currents in 2 adjacent stator slots 


Return currents are in slots to the right of these 
bs/g = 4 bs/Ts = 0.4 


culated at 4 times instead of at 6 times rated fre- 
quency. 


PHASE BELT Harmonic LOSS IN THE POLE FACE 


When a damper winding is present in the pole face, 
induced currents in the bars damp out most of the 
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harmonic flux which would otherwise enter the pole 
face. Consequently loss in the pole face is negli- 
gible. However, if the machine is not equipped 
with a damper winding, the pole face loss may be- 
come important, particularly in 2 phase machines. 

Assume temporarily that the harmonic pole span 
is equal to the armature slot pitch 7, and that the 
harmonic cuts the pole surface at armature slot fre- 
quency. Then the total effective harmonic flux in a 
half cycle of the harmonic is: 


3.19 Xaaq ATg 
ee ae EK. 
Cm 2 


The total flux in a half cycle of the ripple producing 
the no load pole face loss is: 


X 0.636 Ts 


159 7; Bg Kw. Ks Kg 3 


Assuming the pole face loss to vary as the square of 
- the flux density, the harmonic loss in the pole face is: 


W, = S219 Xed ATs Ke Ts X 0.636 
See SOT. By Raw Ke Kig 2. Cog 


Since AT, = 314 B,g. and since C, = 0.84 ap- 
proximately, 


{az Mud Ke 
W, =< 
Ks Ks Kg 


2 
\ X (no load pole face loss) 


\ X (no load pole face loss) (16) 
Spooner‘ has shown that the pole face loss varies as 
the 1.6 power of frequency and as the 1.3 power of 
the wave length of the pulsation. The harmonic 
frequency is mf and the armature slot frequency is 
2f X (number of siots per pole) so that the error re- 
sulting from assuming the harmonic frequency to 
be equal to armature slot frequency can be cor- 
rected by multiplying equation 16 by the factor 
1.6 


lead 

2f X (slots per =F5h 
or wave length can be made by multiplying by 
(T,/n T,)1.3. Applying these corrections, equation 
16 becomes: 


W, = Avi (Mad hel = nf 164 T, ) 1-3 
: Kiwi Ks Kg 2f (slots per pole) nTs 


Since 7,/T; = slots per pole and approximate 
values for Ky; and K, are 0.97 and 1.1, respectively: 


aXe "iG 2 0.3 
Wp = 6.57 {east ' ace X (no load pole 
Ks slots per pole face loss) 


Correction for pole span 


(17) 


(18) 


Equation 18 is in a practical form for routine cal- 
culations, but may be further simplified by assum- 
ing an average number of slots per pole equal to 12. 
Then, since ” = 6, the loss in a 3 phase machine is: 


XadKee 


Ss 


2 
Wy = 5.35 { \ X (no load pole face loss) (19) 


For 2 phase, m = 4 and the constant becomes 4.7 in- 
stead of 5.35. 


SLot Harmonic Losses 
At no load the nonuniform air gap permeance re- 


sulting from the stator slots superimposes a slot 
harmonic or ripple on the no load field form. Since 
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the field poles are rotating with respect to the stator 
slots, this harmonic moves relative to the pole face 
from one tip to the other, resulting in losses in the 
pole face and in the damper winding. Methods 
given in references** are available for calculating 
these no load losses. - 
Under short circuit conditions a similar phenome- 
non exists and the short circuit losses can be calcu- 
lated in terms of the no load losses. Distribution 


Fig. 4. - Ef- 
fect of slot/ 
gap ratio on 
the constant k 
in the equa- 
tion: dsc = 


VQkATs Ts/g 


A—Current in slot equals currents to left of slot considered, 
as in the right-hand slot in figure 3 


B—No currents to left of slot; all ampere turn lines from the 
slot terminate to the right, as with the left-hand slot in figure 3 


C—No currents to left of slot; ampere turn lines divide half to 
right and half to left of slot 


of the armature current among several slots in each 
pole results in a magnetomotive force wave with a- 
saw tooth shape. The resulting flux wave also has 
a saw tooth shape, which is magnified by the non- 
uniform air gap permeance due to the open armature 
slots. A portion of such a flux wave, together with 
the flux map from which it was calculated, is shown 
in figure 3. The effect of the field magnetomotive 
force is neglected. Comparison with figure 1 shows 
that the left side of figure 3 corresponds to the point 
near the pole center line at which the resultant mag- 
netomotive force becomes positive. Since the cur- 
rents in both slots of figure 3 were assumed equal, 
the average flux density across the air gap increases 
linearly from left to right and the flux pulsation 
which produces the loss is represented by the differ- 
ence between the actual density and the straight 
line average. 

For a uniform air gap and point concentration of 
armature current, the total flux across the gap for one 
slot pitch is: 


3.19°/2 Ts ATs 


g 
6 


Defining k as the ratio of the total flux in !/, cycle of 
pulsation to the flux represented by the area 7, AT,, 
then the pulsation flux per half cycle is: 


2k 
dps = V2 k Ts ATs wees 
g 


The curves of & as a function of slot to gap ratio, 
shown in figure 4, were obtained from several flux 
maps similar to figure 3 for various ratios of slot to 
gap. As indicated by figure 3, the value of & for a 
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given slot to gap ratio varies depending upon the 
proportion of ampere turn lines which terminate in 
_ slots to the left of the slot for which is calculated. 
Three k curves are plotted in figure 4: for equal 
_ ampere turn lines terminating in the slot and to the 
left of the slot, for no ampere turn lines terminating 
to the left of the slot (corresponding to the left hand 
slot in figure 3), and for the condition when half of 
the ampere turn lines from a slot terminate on each 
side of the slot. The last condition corresponds to 
a slot whose center line is at the point at which the 
resultant magnetomotive force becomes positive, 
near the pole center line on figure 1. 

The armature current per slot AT, is distributed 
sinusoidally on short circuit and is zero at the pole 
center line, and maximum at the center line between 
poles. At any point along the pole surface the pro- 


portion of ampere turn lines terminating to the left 
of the point is represented by curve 2 of figure 1, 
from which the value of k at that point may be de- 
termined. The value of the product of k and cur- 


i 


Fig. 5. Value 
of the product of 
k and current per 
slot at each point 
along the pole 
face, plotted fora 
slot to gap ratio 


EFFECT OF 
POLE. CHAMFER 


0 20 40 60 


80 
% OF DISTANCE FROM POLE € TO ¢ BETWEEN POLES of 4 
Effective value of ik = 0.90 Ky. = 0.2002 X 314 _ 
0.097 X 159 X 0.55 
= 1.05 


rent per slot at each point along the pole surface is 
plotted in figure 5 for a slot to gap ratio of 4. The 
effective value of this curve is 0.20. Then the effec- 
tive value of pulsation flux per half cycle, averaged 
over the whole pole surface is: 


= 4/2 Reff.Ts ATs 


g 


in which ky. is 0.20 for 0,/g = 4. 

The magnitude of the flux per half cycle of the flux 
ripple producing the no load pole face and damper 
loss is: 


Dds (20) 


50 oR, Kay Ry Keo 


Assuming that the loss varies as the square of the 
ratio of flux per half cycle of pulsation, the pole 
face and damper losses on short circuit are: 


2 
W; = eee) X (no load pole face 
159 g Ts By Ku: Ks Kz 


Since AT, =514 B, IG g; 


314 V2 keg. ATs |? 
E 159 KwiKs ATg 


plus damper loss) 


X (no load pole face 
plus damper loss) (21) 


For a ratio of slot width to slot pitch of 0.4, which is 
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a good average value of this ratio, Ky, = 0.97. | De- 
fining 


K. = 314 1/2 heff. _ 2.89 Reff. 
nee IOO Re Rs Kale 


Esc Aulica}? 
Whe = | | X (no load pole face and damper loss) (22) 

Wie 
Since both ky. and K, are functions of the slot to gap 
ratio, the quantity K,, may be plotted against slot 
to gap ratio as in figure 6. 


END ZONE LOSSES 


Leakage fields set up by currents in the end por- 
tions of the armature coils produce losses in the end 
bells, end plates, and coil supporting rings. The 
loss in the rings is an insignificant part of the total 
load loss and may be neglected from the standpoint 
of loss only, although it may result in serious local 
heating. A method of calculating the end bell and 
end plate losses has been developed by L. A. Kil- 
gore,> which is presented in curve form in figure 7. 


Losses AT RATED LOAD 
VOLTAGE, AND POWER FACTOR 


The previous discussion has been confined to 
losses occurring during operation on short circuit, 
which are used in calculating the conventional effi- 
ciency. Engine and turbine builders must: fre- 
quently guarantee over-all fuel consumption rates 


Fig. 6. Short 
circuit pole face 
and damper wind- 
ing loss 


These losses,  to- 


gether, equal 
KeoAlls 
ae) x (no 


load pole face plus 
damper loss) 


when the generator is operating at rated conditions. 
Consequently this class of purchaser is more con- 
cerned with the losses existing while the generator is 
operating not only with rated current but at rated 
voltage and power factor as well. The eddy loss in 
the armature copper and the end bell and end plate 
losses are practically the same as on short circuit. 
At zero power factor the phase belt losses are the 
same as for short circuit conditions. At higher power 
factors these losses may be reduced by as much as 8 
per cent below the values obtained on short circuit. 
This is caused by the angular shift of the pole center 
line from the peak of the armature magnetomotive 
force wave (a + 0) which changes the limits of inte- 
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STRAP 


7 oe 


Ae= 0.6 Ae=1.0 


a 


e=0.5 
MULTIPLY LOSS BY 4 


Total effective 
end bell area = 
Sy) 1 o< loon 

diameter 


Approximate 
values of end 
zone permeance 
Ae are given 
above for differ- 
1400 1800 ent types of bells 


EFFECTIVE AMPERE CONDUCTORS Ne = 0.25 for 
PER INCH OF STATOR BORE ead plateumloes 


WATTS PER SQ IN. AT 60 CYCLES 


600 1000 


Fig. 7. Load loss in end bells and end plates 


gration of the integral preceding equation 4 and 
reduces the constant 0.866 in equation 4 to as low as 
0.48. 

The load losses in the stator teeth and fingers are 
much higher than for short circuit conditions, since 
the field form in the air gap under load is highly dis- 
torted. 

A field form for a typical machine at rated load 
and voltage, at 0.8 power factor, is shown in figure 
8. Curve a is the resultant of field magnetomotive 
force and direct axis armature magnetomotive force, 
having a magnitude of ¢g — Xaa/Cm sin (a + ¢) at 
the pole center line and of eg at the center line be- 
tween poles. Curve a multiplied by the no load 
wave form gives the direct axis full load field form 
represented by curve 0. Curve a is the field form 
produced by the quadrature axis component of arma- 
ture current multiplied by Xae/Cn cos (a + ¢). 
The resultant distribution of flux in the air gap is 
given by curve d which is the sum of curves 0 and c. 
The effect of saturation of the stator teeth is neg- 
lected in curve d, which becomes curve e when cor- 
rected for saturation. 

The load loss in the stator teeth is calculated in 
the same manner as for the no load tooth loss, except 
that a tooth density corresponding to the maximum 
value of curve e, of figure 8, is used and the effects 
of displaced hysteresis loops must be corrected for, 
if present. The no load tooth loss is subtracted 
from this since it is already included as a component 
of the no load core loss. The load losses in the 
fingers may be calculated in a similar manner. 

The slot harmonic losses in the pole face and 
damper winding presents a more difficult problem. A 
rough approximation is to calculate these losses in 
the same manner as for no load, except based upon 
the effective density at full load averaged along the 
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pole face, subtract the no load loss calculated at no 
load density, and add the pole face and damper loss 
for short circuit conditions. 


SuUMMARY—SHOoRT Circuit Loss CALCULATIONS 


In most cases the largest single component of the 
load loss is that of eddy loss in the armature conduc- 
tors. The eddy loss may be minimized by multiple 
stranding of the conductors and by avoiding the use 
of less than 4 turns per coil. Where the latter is un- 
avoidable, external or even internal transpositions 
may be justified. 

Since the eddy loss is relatively large, it must be 
calculated accurately. It is particularly important 
to estimate carefully the temperature of the arma- 
ture windings during the short circuit test, as the 
temperature is a controlling factor. It is also im- 
portant to measure the temperature of the armature 
winding at the time the test is made or errors as 
large as 100 per cent may occur in the test results, 
if the load loss is small compared to the armature 
copper loss. 

The armature tooth loss seldom exceeds 20 per 
cent of the total load loss. It may be kept to a mini- 
mum by shaping the pole face in such a manner as 
to round off the sides of the no load field form and by 
the use of silicon steel armature laminations. 

The end finger loss is usually small. However, in 
the eighth example of table II this loss is 45 per cent 
of the total load loss, due to the use of magnetic end 
fingers in combination with large cast pole end plates 
extending axially beyond the core. This loss can be 
minimized by shaping the pole face, by the use of — 
nonmagnetic fingers, and by preventing axial exten- 
sion of magnetic parts of the pole head beyond the 
ends of the armature core. 

The phase belt harmonic losses are generally low 
enough to be of secondary importance on 3 phase 
machines with low resistance dampers or without 
dampers. Even with high resistance dampers this 
loss is small, if a coil throw of 80 per cent is used. 
The phase belt loss may be quite large in 2 phase ma- 
chines with full pitch coils, as in example 16 of table 
II. Figure 2 shows that the phase belt losses vary 
greatly depending upon the coil throw, and that a 
chord factor of 0.866 should be used for 2 phase ma- 
chines when possible. An example of this is number 
5 of table II, in which the phase belt losses are quite 
low for a 2 phase machine. 

The slot harmonic losses are usually important in 
engine type machines which inherently have high no 
load pole face and damper losses and in machines 
with high resistance damper windings. Numbers 17 
and 25 of table II are good examples of these 2 
classes of machines, respectively. The slot har- 
monic losses may be kept low by designing for low 
no load pole face and damper losses, particularly by 
the use of many armature slots with low ampere 
turns per slot. 

The magnitude of the end bell and end plate losses 
varies considerably with the type of construction and 
is seldom a very large proportion of the total load 
loss. It is negligible in engine type machines and is 
small in vertical machines. It is greatest for those 
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Table II—Short Circuit Load Loss Calculations (All Losses Are in Kilowatts) 


Eddy Tooth Finger Total Calc Test 
No. Kva Poles Loss Loss Loss We Ws Wr Wa Loss Loss 
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horizontal machines combining the unfavorable fea- 
tures of large pole pitch, relatively short core length, 
with enclosing end bells brought in close beneath 
the armature end winding, and without shrouded 
blowers. Example 1 of table II is an exceptional 
case in which all of these factors contributed to the 
high end bell loss. To avoid high loss, the bells 
should be kept as far away from the coils as possible 
at all points and a shrouded blower is desirable, 
since it diverts part of the flux which otherwise 
would enter the end bell. 

The comparison between calculated and test 
values of short circuit load loss given in the last 2 
columns of table II provides a check for the accuracy 
of the formulas. The load losses as determined by 
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Fig. 8. Flux density at stator surface 


A—Resultant of field magnetomotive force and direct axis 
armature magnetomotive force 
B—Flux wave due to A 
(C—Flux wave due to quadrature axis component of armature 
current 

D—Flux wave at full load, rated voltage, 0.8 power factor, 
neglecting stator tooth saturation. Resultant of B and C 
E—Curve D corrected for tooth saturation 

Unit density is density at center line of pole at no load and 

rated voltage 
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tests of 2 duplicate machines built to the same speci- 
fications may vary by as much as 20 per cent, in ex- 
ceptional cases. The causes of this are variations in 
materials and in manufacturing. The results set 
forth in table II may, therefore, be considered ac- 
ceptable. 


SUMMARY—CALCULATIONS OF 
Loap Loss UNDER RATED CONDITIONS 


Although load losses at rated load and voltage and 
at 0.8 power factor have been calculated for a few of 
the machines listed in table II, the results are not 
given since corresponding test data are not available. 
Floyd and Dunbar® tested a 55,000-kva 16-pole 25- 
cycle generator under both short circuit and rated 
conditions and obtained losses of 104 and 135 kw, re- 
spectively. Using the methods suggested herein, the 
calculated short circuit load loss is 122 kw and the 
calculated load loss under rated conditions is 148 kw. 

The load loss at rated voltage and current is mini- 
mum at zero power factor and maximum near unity 
power factor, since the field form distortion due to the 
quadrature axis component of current is absent at 
zero power factor and is maximum near unity power 
factor. 


DELTA CONNECTION OR 
STAR CONNECTION WITH GROUNDED NEUTRAL 


If the armature winding is connected in delta or in 
star with a grounded neutral, the third harmonic 
series of zero phase sequence currents circulate 
through the winding unless it is chorded to ?/3 pitch. 
The additional losses in the armature and damper 
windings may increase the short circuit loss by as 
much as 50 per cent. 


Ronenals I—List of Symbols 


a@ = area of damper bar in square inches 

An = maximum value of mth harmonic of armature magneto- 
motive force in ampere turns 

Ase = effective value taken over pole surface of the vector sum 


of maximum values of third and fifth harmonics of arma- 
ture magnetomotive force in ampere turns 
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= same as Aye, except is sum of fifth and seventh harmonics 
ATs; = armature ampere turns per slot 
AT, = air gap ampere turns at no load 
bs = armature slot width 
Bg = maximum density in air gap at no load in kilolines per 
square inch 
Bsc = maximum density in air gap under short circuit condi- 
tions expressed as a fraction of Bg 
Cm = ratio of fundamental of direct axis field form with arma- 
ture alone excited to fundamental of no load field form 


f = fundamental frequency of the machine in cycles per 
second 3 

g = air gap length in inches 

ge = effective air gap length = gKg 

I; = current in the closed circuit consisting of 2 adjacent 


damper bars 
Tyn = resultant nth harmonic current in damper bar 
Tee = effective value of sixth harmonic current in damper bar 
k = ratio of total flux in a half cycle of the slot harmonic to 
the flux represented by the area 7; ATs of figure 3, mul- 
tiplied by 3.19 
Kye, Kee = defined by equation 6 
Kg = Carter’s air gap coefficient 
Ky = ratio of a-c to d-c resistances for damper bar 
Ky» = chord factor for the fundamental 
Kpn = chord factor for the mth harmonic 
Ks = ratio of double amplitude of slot ripple to Bg: 


1 

Ks == 1 SSE 

V1 = (65/2)? 
Ksc = 2.89keff./Ks 

Kw, = ratio of fundamental of slot ripple to !/2 of Ks 

LI = width of one phase belt 
1 =core length 
nm = order of harmonic 


Ty = damper bar pitch in inches 
Ty = pole pitch in inches 
Ts = slot pitch in inches 


We = end bell loss 
Wops = phase belt harmonic loss in damper winding for 2 phase 
machines 
Wops = phase belt harmonic loss in damper winding for 3 phase 
machines 
We = phase belt harmonic loss in pole face 
Wer = loss in armature coil supporting rings 
Ws = slot harmonic loss in pole face and damper winding 
Xd = Xi + Xad = synchronous reactance in ‘‘per unit”’ 
Xad = magnetizing reactance in per unit 
Xz = armature leakage reactance in per unit 
6n = defined by equation 8 
a = power displacement angle of rotor 
op = air gap harmonic flux linked by a pair of adjacent damper 


bars in lines per inch of length 
ém = mutual flux linked by a pair of adjacent damper bars in 
lines per inch of length 
ops = slot harmonic flux per half cycle in lines, per inch of 
length 
air gap permeance for circuit consisting of 2 adjacent 
damper bars 
As = damper slot permeance 


> 
% 
Il 


Ae = permeance of flux path from end of core to end bell 
p = resistivity in microhms per cubic inch 
6 = angle measured from pole center line 
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The “Biway” System of 


Electric Platforms 
for Mass Transit 


This paper describes the ‘‘biway’’ system of 
mass transit by continuously moving elec- 
trically operated platforms which is cited as. 
being suitable for use in the congested 
sections of large cities. It is planned to 
have 2 adjacent moving platforms, one of 
which operates continuously at a speed of 
about 15 miles per hour, the other of which 
varies between standstill and the speed of 
the continuously moving platform to enable 
passengers to transfer between the stationary’ 
and moving platforms. The biway offers. 
convenience in that it may be boarded at. 
any point on the system and will give a 
nonstop ride to within a short distance of 
the destination, greater speed than existing: 
transit methods for short distances, seating 
capacity up to 60,000 passengers per hour 
past a given point, and economy of opera- 
tion by the use of regeneration. Figures 
given in the paper show that the biway may 
be less expensive than subways and give 
better service. 


By 
NORMAN W. STORER Westinghouse Elec. andi 


FELLOW A‘I.E.E. Mfg. Co., E. Pittsburgh, Paw 


Ti: PROBLEM of providing ade- 
quate means of transit in the congested business. 
districts of large cities has not yet been solved, and. 
is daily becoming more difficult and important. 
Every new building that is taller than the one it: 
replaces makes the problem more difficult of solution. 
If the cities of the future are to be made up of sky- 
scrapers, it is impossible to escape the conclusion 
that there will have to be more and wider streets: 
or the present streets will have to be double or triple. 
decked unless a radical change in the present methods. 
of short haul transit is made. Certainly the present. 
methods are neither adequate nor satisfactory. 
Under normal conditions, a street car, bus, or 
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taxicab can meke an average speed of from 5 to 7 
miles per hour through the business section of a large 
city, but the addition of a few more people or vehicles 
on the street, or a light shower, nearly blocks the 
_ traffic. At no time are the elevated or subway trains 

satisfactory for short hauls, because of the distance 
between stations and the time intervals between 
trains. 

The prime requisite for an adequate means of 
rapid transit in a large city is a private right of way. 
This is, of course, impossible at street levels as cities 
_ are now constructed. Such semiprivate routes as 
Riverside Drive in New York City are a great boon 
for de luxe travel, but are practically useless for 
mass transit. The private right of way for mass 
transit must be easily accessible from the streets or 
buildings. It must have capacity to handle the 
crowds that are present during the rush hours, and 
do it without crowding. Its speed should be affected 
neither by the number of passengers nor the weather. 

A great many solutions for this problem have been 
proposed, other than subways and more subways, 
of which the favorite has been some form of nonstop 
or continuous transit scheme. The advantage of a 
nonstop run has heen recognized for a long time. 
It was evidently well understood when Ebenezer 
Hawkins of Islip, N. Y., took out a patent on 
December 9, 1874, covering a means for giving inter- 
mediate towns the advantage of a high speed non- 
stop train running through them. He proposed to 
provide for these towns by means of a light train 
which would accelerate from a local station on a 
track adjacent to the one on which the nonstop train 
was approaching, run beside this train for a short 
distance at the same speed and, with the 2 trains 
hooked together, interchange passengers and bag- 
gage, unhook, and stop at the next station. Of 
course, it was a fantastic idea, and probably never 
was tried, but it contained the germ of a scheme for 
continuous mass transit. 


CONTINUOUS TRANSIT BY MOVING SIDEWALKS 


Many years ago, some one proposed the idea of a 
continuously moving sidewalk on which pedestrians 
could ride, and by walking at the same time, could 
increase their rate of travel. Many serious attempts 
have been made to utilize this idea for mass transit. 
The first moving platform used for carrying passen- 
gers was installed at the World’s Fair in Chicago in 
1893. It had 2 continuous belts of platform run- 
ning side by side at constant speeds, one at 3 miles 
per hour, the other at 6 miles per hour. The latter 
was provided with seats. Passengers stepped from 
a stationary platform to the slow speed, and from 
that to the high speed one. This platform was about 
4,500 feet long, built on a pier running out into Lake 
Michigan. It was well patronized during the Fair. 

The next time moving platforms for carrying 
passengers were used was in 1896 at an industrial 
exposition in Berlin where it was used to connect 
the exposition grounds with a nearby amusement 
park. It was similar in operation to the one at 
Chicago and was also quite successful. Again at the 
Paris Exposition in 1900 the moving platform ap- 
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peared, this time as a component part of the trans- 
portation system. It was 10,900 feet long, and, 
located on a viaduct, 23 feet above the ground, 
served admirably to give the passengers a bird’s-eye 
view of the exposition, as well as to transport them. 
This installation also had 2 platforms running re- 
spectively at 3 and 6 miles per hour. It operated 
successfully throughout the exposition, and carried 
over 7,000,000 passengers. 


CONTINUOUS-MOTION VARIABLE-SPEED SYSTEM 


Ascheme very different from moving platforms was 
proposed by B. R. Adkins and W. Y. Lewis (Scien- 
tific American, April 6, 1907). This scheme pro- 
vided for a number of separate 4-wheeled cars which 
would be bunched close together at stations, where 
there would be a continuous stream of these cars 
moving at a speed of 3 miles per hour. As soon as. 
each car passed the station, it would be accelerated 
to about 21 miles per hour, which would separate 
the cars, leaving about 6 car lengths between ad- 
jacent cars, until the next station was reached, 
when the speed would be again reduced to 3 miles 
per hour. The article stated: “The method of 


Figiet 


Depiction of the biway in operation 


driving the cars at this variable rate is very simple. 
On each side of the track, extending along the entire 
length of the line, is a pair of screws or rather shafts, 
in each of which a spiral groove is cut. One of these 
is formed with a right-hand spiral, and the other 
with a left-hand spiral. These opposed spiral grooves 
receive the opposite ends of the forward axle of each 
car so that when the shafts are turned in opposite 
directions, they feed or ‘screw’ the cars forward. 
The desired acceleration or retardation of the cars 
is produced by varying the pitch of the grooves.” 
One can visualize many difficulties with the 
screws, particularly since it would be practically 
impossible to have such a drive on curves and the 
cars would consequently have to coast through them. 
The capacity of the system would be comparatively 
small and the average speed would be low, but the 
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scheme had the advantage of continuous loading and 
unloading at every station on the line, but always to 
or from a train moving at a speed of 3 miles per hour. 


PuTNAM’S MOvING PLATFORMS 


Between 1920 and 1925, Henry S. Putnam of New 
York developed a system involving the use of 3 
continuous constant-speed platforms running at 3, 
6, and 9 miles per hour, respectively. Aside from a 
novel scheme for driving them and the use of 3 plat- 
forms to get a higher speed, the scheme of operation 
was practically the same as that of his predecessors. 
A demonstration plant was built at Jersey City, 
N. J., in the form of a loop 200 feet long and 100 feet 
wide, with a radius of 50 feet at each end. The 3 
and 6 mile per hour platforms were 27 inches wide, 
and the 9 mile per hour platform was 57 inches wide 
with double seats spaced 32 inches apart. This gave 
a real working model. 

Putnam had 2 methods for operating the demon- 
stration platforms. The 9 mile per hour platform 
was driven by the inductive method, using a kind of 
glorified induction motor with an infinite radius of 
rotor. The primary of the motor was divided into 
short sections distributed along the middle of the 
track, while the secondary was carried under the 
platform and extended its entire length. It gave a 
constant speed with no gears or other rotating parts, 
but was very inefficient. The 3 and 6 mile per hour 
platforms were driven by rack and pinion, with the 
rack under the platform extending the entire length, 
and driven by pinions on countershafts driven, in 
turn, by motors through chains and sprockets. 

The demonstration plant was thoroughly tested 
and inspected by many people. Largely as a result 
of this, a report of the Transit Commission of the 
State of New York was made on an installation for 
42d Street, New York, from the Hudson River to 
the East River. This report went into the subject 
in great detail and covered everything concerned. 
It was, on the whole, very favorable to the moving 
platform scheme, but the project never went through. 

There are 2 objections to this system that un- 
doubtedly helped to prevent its adoption: 


1. The necessity for passengers to step from one moving platform 
to another moving at a speed of 3 miles above or below its own 
speed. There undoubtedly would be many people unable or un- 
willing to do this, which would be a great handicap to the system. 
It would be equivalent to a moving stairway running at 3 times its 
usual speed. 


2. The limited speed, for while the system would have large 
capacity, its average speed of 9 miles per hour or less with 3 plat- 
forms, is not high enough to be attractive. 


TAYLOR’S VARIABLE SPEED MOVING PLATFORM 


To overcome these obstacles was apparently the 
object of the next attempt to secure continuous 
transit, which was made by Herman E. Taylor, 
supervisor of traffic of the Detroit (Mich.) Street 
Railways, who apparently began to work on it soon 
after the Putnam demonstration plant was built. 
By combining the continuous moving platform idea 
with the thought that was in the mind of Ebenezer 
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Hawkins, and a drive scheme similar to the screw 
drive of Adkins and Lewis, he developed a very 
ingenious system. He proposed having 2 endless 
moving platforms with one of them running at a 
fairly high constant speed (20 miles per hour was 
suggested), and the other running at a speed varying 
from about 1 mile per hour up to the speed of the 
first. 

The second platform was to be used to transfer 
passengers between the stationary and the high-speed 
platforms, and was to be driven so as to go through 
regular cycles of running at about 1 mile per hour, 
accelerating, running at the same speed as the high- 
speed platform, and then decelerating to 1 mile per 
hour to complete the cycle. 

This scheme offered not only a high speed nonstop 
ride with only 2 moving platforms, but it made trans- 
ferring passengers from one to the other both safe 
and easy by transferring them when the difference in 
speed was very small. It was an excellent system 
that was undertaken, but there are 2 serious ob- 
stacles to its commercial success: 


1. Difficulties in connection with the screw drive which would 
appear to be almost insurmountable, and 


2. The amount of power required to operate it, partly because of 
the inefficiency of the drive, and partly because of the large losses 
from accelerating and stopping the transfer platform. These losses 
together with the inefficiency of the screw drive and the peak loads 
would make the cost of power prohibitive. 


Tue “Brway” SYSTEM 


The “‘biway”’ is the latest consideration in the way ~ 
of continuous or nonstop mass transit for local 
service in congested traffic areas. The general idea 
of it is similar to that of the Taylor system, but there 
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Fig. 2. Floor plan for biway system 


are differences both in the results and in the means 
of obtaining them that are believed to make it a 
more practicable and economical system. 

It consists of 2 endless electric platforms on 
parallel tracks with a stationary platform extending 
the entire length beside them. (See figures 1, 2, and 
3.) One of the platforms—the express—moves con- 
tinuously at a selected average speed (not a constant 
speed) with variations above and below that speed 
depending on several conditions that will be ex- 
plained later. (See figure 4.) The other moving 
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Cross section of biway system 


platform—the local—lying between the express and 
the stationary platforms, every 42 seconds goes 
through a regular cycle of standing still, accelerating, 
synchronizing with the express at its minimum speed, 
running at that speed for a certain number of seconds, 
then slowing down to a standstill to complete the 
cycle. 

Figure 4 gives the combined speed-time curves of 
both platforms, showing the variations in speed of 
both throughout the cycle. It shows that with an 
average speed of 15 miles per hour, the express plat- 
form varies in speed between 16.5 and 12.5 miles 
per hour, while the local platform starts from rest, 
accelerates to 12.5 miles per hour, reaches that speed 
at the same time as the express, runs at approximately 
the same speed for 10 seconds, and then decelerates 
to a standstill while the express accelerates to its 
maximum speed. This cycle is repeated every 42 
seconds as shown on the speed-time curves. 

There are several reasons for the variable speed 
express: 


1. It permits a lower maximum speed for the local, which decreases 
the amount of power required to accelerate it, and, with the same 
rates of acceleration and deceleration and the same average express 
speed in both cases, saves from 8 to 5 seconds in the duration of a 
cycle of operation over that of a constant speed express. 


2. It affords a means of securing a practically constant load on the 
power line. This is effected by interchanging the kinetic energy of 
the moving platforms when speeds are changing. 


8. It increases the efficiency of operation by saving energy that 
would otherwise have to be lost in stopping the local platform. 


The amount of variation in speed of the express is 
dependent on the relative weights of the 2 moving 
platforms. The rate of change will be adjusted so 
as to maintain a uniform flow of power from the 
external circuit. These results will be obtained by 
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a system of regeneration by which the local draws 
power from the express when accelerating and returns 
power to the express when decelerating. Inciden- 
tally, this eliminates all forms of mechanical brakes 
from the equipment. Emergency stops will be made 
by using the motors for dynamic braking. 

As may be seen, the function of the express is to 
give every passenger a nonstop ride from where he 
enters the biway until he reaches his destination. 
The express stops only once a day. The local stops 
85 times every hour. Its chief function is to transfer 
passengers from the stationary platform to the ex- 
press, and vice versa. Of course, passengers may ride 
the entire distance on the local if they want to, but 
it will be noted that there is standing room only 
with posts or outside railing to hold on to, on the 
local, while the express is provided with seats, there 
being about 4,000 per mile, giving 60,000 seats per 
hour past a given point. 

Wherever possible, the biway should be located 
under the sidewalks of the busiest streets, with easy 
access to it both from the sidewalks and from the 
principal buildings adjacent to it. Turnstiles or 
doors should be not more than 100 yards apart unless 
the biway has to be located at a low level at some 
points to avoid a subway or other obstruction. 

The advantages of this system to the passenger 
are obvious: The frequent entrances; the short inter- 
val between stops; floors of stationary and moving 
platforms all on the same level; stepping from one 
platform to another either when both are at a stand- 
still or when both are moving at the same speed; 
smooth and slow rates of acceleration and stopping; 
comparatively noiseless operation; the absence of 
crowding as the result of the better distribution of 
passengers; the practical certainty of a seat for 
everyone at all times; and a nonstop ride from wher- 
ever one happens to be on the line to within 200 or 
300 feet of the exit one wishes to use. All these 
features will appeal to the passenger because they 
will save his time or add to his comfort and safety. 

The entire line will be well lighted and much of it 
arcaded where it can be located under the sidewalks. 
Conspicuous signs give the names of buildings or 
streets with advice as to when the passenger should 
transfer to the local in order to come closest to his 
desired destination. The advice to transfer will be 
shown about 840 feet from his desired destination, 
and the passenger will transfer at the next oppor- 
tunity. If that stops him too far short of his street, 
he can ride another cycle on the local which will take 
him about 400 feet farther. In this way, he can 
come very close to the desired spot. 

Figure 5 shows the average speed and distance 
traveled in terms of cycles. Distances are plotted 
with one cycle only on the local, 2 cycles on the local, 
and all on the local. At a speed of 15 miles per hour, 
the express will travel 924 feet per cycle while the 
local travels 390 feet. The curve in figure 5 shows 
that one can go 5,000 feet in 6 cycles (or 4.2 minutes) 
giving an average speed of 13.5 miles per hour. In 
12 cycles, one would travel 10,560 feet at an average 
speed of about 14.3 miles per hour. Both of these 
rates are conditioned on riding one cycle on the local 
and the rest on the express. It follows that the more 
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cycles one travels on the express, the nearer his 
average speed approaches 15 miles per hour. While 
this is not a high speed, it will compare very favorably 
with subway or elevated local train speeds. The 
greater accessibility and greater frequency of stop- 
ping will save much walking and much time ordi- 
narily spent waiting for trains. 

Figures 1, 2, and 3 give a fair picture of the general 
construction. As indicated on figure 2, the elec- 
trically operated platforms are divided up into short 
sections which will be from 8 to 12 feet long, depend- 
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Fig. 4. Speed-time curves for the biway system 


ing on the minimum radius of curvature on the line. 
Each section will have only 2 wheels, which will be 
mounted on a fixed axle at one end of the section. 
The other end is carried on the axle of the next sec- 
tion, so that the platform is an articulated structure. 
In order to provide a continuous floor, whether on 
tangent or curved track, the ends of the sections are 
arcuately shaped as shown in figure 2. 

The wheels on the axles are mounted on separate 
roller bearings and perform no functions other than 
carrying the load and keeping the train on the 
track. The wheels may be either solid steel or some 
form of resilient construction. If steel tires are used, 
it will be desirable for the sake of reducing noise and 
wear to grease the track rails. 

The platform section will be of a very simple and 
light construction which will lend itself readily to 
mass production as there will be from 400 to 660 
sections per mile in each platform. 

The Drive. The method of driving the platforms 
is rather novel, although the idea is an old one. It 
is purely an adhesion drive, but the motors are sta- 
tionary beneath the tracks and the rail is carried 
under the platform. Figure 3 is a diagrammatic 
cross section of the biway showing the wheels, fixed 
axles, and the driving rail which, in the form of a T 
section like an elevator guide rail, is carried under- 
neath the middle of the axle. The sketch also shows 
the driving wheels or rollers and the vertical-shaft 
motors that furnish the motive power. The drivers 
are in pairs with the flange or stem of the driving rail 
running between them. The necessary pressure on the 
drivers is obtained by compressed air. This acts on 
large roller bearings on the driving shafts just under 
the drivers, so as to pull the drivers together. The 
motors, mounted on trunnions to permit a slight 
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lateral variation of the driving rail, are carried on a 
base frame supplied with small wheels. When in the 
normal position, the base frame is raised well above 
the floor and bolted to a solid foundation and the 
motors are also anchored at the top by tension rods 
against the reaction of the drivers. 

The T section used for the driving rail is a very 
important element in the platform. It really forms 
its backbone. It is shown in figure 6 with the coup- 
ling castings welded to it with one of them including 
the means for securing the rail to the axle. The 
coupling brings the ends of adjacent rails into exact — 
alignment on tangent track where the driving motors — 
are located. The ends of the rails are cut off at an 
angle of 45 degrees for obvious reasons. The entire 
drawbar force is carried through this rail. In fact, if 
the wheels, axles, rail, and couplings were fitted to- 
gether, they could be driven around the track with- 
out any floor or superstructure, whatever. This 
lends itself to a very simple construction since it 
permits easy replacement of a rail and coupling 
from the inspection pit, or of the floor and upper 
works of a section in case of a serious repair being 
necessary. 

The driving rail is supported by the axle and 
clamped to it through rubber pads as shown in 
figure 6. This is to prevent the vibration from the 
driving rollers and the motor gears from being com- 
municated to the floor of the platform. 

The coupling has a universal joint of the ball and 
socket type. Means are provided in this coupling - 
for taking up slack in the platform and also to allow 
a small amount of flexibility in it. 

Driving Motors. The mechanical arrangement of 
the driving motors with respect to each other and to 
the driving rails of the 2 platforms is shown in figure 
7, and the main circuit schematic diagram for the 
motors is shown in figure. 8. It may be noted that a 
set of motors for a driving station consists of 3 pairs 
of motors marked M1, MG, and M2, respectively. 
The 2 motors of each kind are connected perma- 
nently in series. The 1/1 and MG motors are geared 
to the driving shafts of the express platform, one of 
each to a shaft on either side of the driving rail. 
The M2 motors are geared to the driving shafts of 
the local platform. All of the motors are compound 
wound with shunt windings separately excited, and 
the series windings connected as usual in series with 
the armature. 

While the M1 motors are amply able to drive the 
express platform, the addition of the MG motor 
makes it possible to have voltage control for M2 
for accelerating and also provides means for inter- 
changing stored energy between the 2 platforms. 

The M1 motors are the only motors connected to 
the outside power line. Geared to the driving shafts 
for the express platform, they run continuously at 
a speed proportional to the speed of the express, and 
at a load varying only with the total weight of pas- 
sengers. The MG motors are geared to the same 
driving shafts for the express platform, one MG 
motor being geared to each shaft. The M2 motors 
are duplicates of the MG and are geared to the driv- 
ing shafts of the local platform. 

The diagram in figure 8 shows that the MG and 
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M2 motors are permanently connected together 
electrically, but are disconnected when the local is 
standing still. All the power taken by the local 


_ platform is generated by the MG motors and put into 


\ 


the M2 motors. The MG and M2 motors act alter- 
nately as motors and generators; when one is acting 
as a generator, the other acts as a motor. They 
interchange current one way or the other all through 
the cycle except during the time the local is standing 
still. The M2 motors have a strong field practically 
all the time they are in operation. The field of MG 


- varies all the way from 0 to its maximum strength, 


depending on the voltage required or supplied by M2. 

Control. The control system for the biway is en- 
tirely automatic and when once started will continue 
to put the moving platforms through the regular 
cycles of operation until power is cut off. Each set 
of motors will have its own control apparatus which 
will be operated in synchronism with all other 
stations. The speeds of the motors, and therefore 
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Fig. 5. Speed and distance curves for the biway 


system 


Time of cycle taken as 42 seconds, average speed of express 
as 15 miles per hour 


of the platforms, are controlled entirely by means of 
field rheostats. A combination of sequence drums 
and field rheostats is operated by a synchronous 
motor with power furnished from a generator at the 
central control station, so that all of the control 
sets are operated in synchronism and everything is 
controlled on a time basis. The generator supplying 
current for the synchronous motor is under the con- 
trol of the central control station operator, who can 
change its speed and consequently the length of a 
cycle by simply changing the speed of its driving 
motor. 

Similarly, the chief operator by a proper control of 
the supply voltage, can change the speeds of the 
platforms. By combining these 2 schemes of chang- 
ing the length of cycle and the speed, he can secure 
almost any result desired within the capacity of the 
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motors. This may prove to be a valuable asset in 
meeting various traffic conditions. 

In addition to controlling the motors, the synchro- 
nous motor-operated sequence drums will open the 
gates and operate suitable signals to inform the 
passengers of the proper time to transfer. 

Brakes and Train Signals. With the biway sys- 
tem, neither mechanical brakes nor train signals 
will be necessary because with continous platforms 
there can be no collisions and every section of the 
platform must run at the same speed as every other 
section. As previously stated, the deceleration of an 
electric platform is accomplished by using the motors 
on that platform as generators. In the ordinary 
cycle, the power generated by one electric platform 
is used to accelerate the other platform. If it is 
desired to stop both of them, power is cut off the 
M1 motors and the MG and M2 motors act as gen- 
erators and stop the platform by dynamic braking, 
the power generated being absorbed by resistors. 

The elimination of all mechanical brakes in this 
way eliminates a great deal of noise, all brake shoe 
dust, and saves the energy usually lost in stopping 
trains. 

Power Consumption. It is significant that the only 
power taken from the external line is that required 
to overcome train resistance and to supply the losses 
in motors, drive, and control. Although the efficiency 
of regeneration is not high, regeneration effects a 
considerable saving in the total energy consumption. 
It is estimated that the energy consumed by this 
system will be in the neighborhood of 35 watt-hours 
per ton mile for both platforms, or from 300 to 450 
kw per mile, depending on the load. This is very 
light when compared with street cars or subway 
trains. A fully-loaded 10-car train in the 8th Avenue 
Subway, New York, carries a maximum of 2,800 
passengers, of whom only 540 are seated, and re- 
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Fig. 6. Section through coupling and running gear 
of moving platform 


quires over 4,200 kw to accelerate it. The power 
consumption of the biway with a given load will in- 
crease as the rates of acceleration and deceleration 
and the number of cycles per hour increase. The 
rates recommended are from 1 to 1.25 miles per hour 
per second, which will be very easy for standing 
passengers on the local platform, and is fast enough 
since it does not affect the speed of the express plat- 
form. The only disadvantage of the low rate of 
acceleration is that it increases the length of a cycle 


1345 


and the distance covered by the express in one cycle. 
This can be varied over a wide range to suit local 
conditions. 

The low power consumption and the high load 
factor make it possible to operate the biway during 
periods of light load with very little expense. It 
could probably be operated 20 hours per day with an 
average load of not more than 350 kw per mile. 

Safety. Naturally the first consideration in the 
design of a system for city transit is for the safety of 
the passengers. This attribute the biway possesses 
to a high degree for the following reasons: 


1. The maximum speed is low, scarcely more than a third of that 
of the subway or 40 per cent of the maximum speed of the ordinary 
street car. 
2. The floors of the moving and stationary platforms are all on 
one level. 


8. There is no interference or danger from other traffic as there is 
with street cars and busses. 


4. Crowding is prevented: 
a. By receiving the passengers all along the route instead of 
forcing them all to enter at a few stations, 
b. By the greater frequency of stops, nearly 3 times the maxi- 
mum frequency of subway trains, which prevents crowds from 
collecting. 


5. The voltage control system used absolutely prevents jerking 
the train and the rates of acceleration and deceleration are very low. 


6. Passing from one platform to another is done when there is 
practically no difference in speed between them. 


7. There will be a minimum of interference in interchanging 


passengers because the gates will open from 1/3 to 1/, the entire. 


length of platforms, and provide ample space. 


8. The gates will be opened and closed automatically to prevent 
passengers from transferring when there is a material difference in 
speed. 


9. The sections of platform will be short enough to prevent any 
serious gaps between platforms on curves. 


10. Guards will be placed at frequent intervals along the route to 
render assistance to any in need. 


11. Emergency stop buttons will be located so as to make it possible 
to stop both platforms quickly from any point on the line. 


12. There is no possibility of a passenger falling to the tracks since 
the platforms cover the entire space except for the very narrow 
track between them. 


Reliability. Next in importance to safety on a 
line of this character handling large numbers of 
people is reliability. This is secured as follows: 


1. The construction of the platforms will be simple and rugged 
with every part having a large factor of safety. 


2. Wearing parts will be accessible for inspection and easily re- 
placeable, most of them while the system is in operation. 


3. Driving motors are stationary, located under the tracks, and 
can be taken out and replaced easily while the biway is in operation. 


4. Control apparatus for a set of motors may also be repaired or 
replaced without interfering with operation. 


5. Sufficient driving stations will be provided so that some of them 
will always be idle. Stations will be about 500 feet apart. 


6. Inspection pits under the tracks will be provided at all driving 
stations. 


ie Gate operating mechanism will be above the floor so it can be 
repaired or replaced while the platforms are in motion. 


8. Couplings may be inspected and lubricated from above the floor. 


9. The slow speeds at which the platforms are run will not only 
contribute to long life of parts, but will make it easy to detect 
deterioration that might lead to a breakdown. 
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Capacity. The ultimate capacity of the biway is 
enormous. As previously stated, there will be 4,000 
seats per mile of express, or at 15 miles per hour, 
60,000 seats past a given point per hour in one direc- 
tion. There will be comfortable standing room for as 
many more. Based on the same floor space per 
passenger as the subway cars the express could carry 
11,000 passengers per mile, or 165,000 per hour past 
a given point. The local can easily carry 5,500 stand- 
ing passengers per mile without interfering seriously 
with transferring. This would make 35,000 more 
past a given point per hour, or a total ultimate capac- 
ity of 200,000 passengers per hour. This appears so 
far beyond the maximum requirements as to make it 
scarcely worth considering. Since much of the riding 
on the biway would be for short distances, the total 
number of passengers carried would be much greater 
than the number carried past a given point. There 
can be no question as to the capacity of the biway. 

Convenience. The question of convenience plays a 
very important part in any transit system. In this 
respect, the biway located under the sidewalks is 
second to none. It would be accessible either from 
the sidewalks or through the adjacent buildings. 
Entrances will be provided at intervals of not more 
than 100 yards, so that a very few steps would always 
bring one to an entrance. After passing the turn- 
stile, one would not have to wait an average of more 
than 16 seconds for the local to stop. After boarding 
the local, his average speed will depend on the dis- 
tance he goes and the number of cycles he rides on the 
local. He will make an average speed that would be 


/ 


impracticable on a car making the same number of © 


stops per mile, even when accelerating and braking 
at 4 times the rate of the biway. The biway will be 
comfortable as well as convenient and relatively fast. 


Heating. The biway will be heated in the winter, - 


either by steam where that is available, or by elec- 


EXPRESS LOCAL 


Fig. 7. Arrangement of one set of driving motors 


tricity. The entrances will be protected by doors to 
prevent loss of heat, but since the passengers will be 
dressed for the street, it will not be necessary to havea 
temperature above 60 degrees Fahrenheit, and prob- 
ably 50 degrees would be ample. 

Costs. The cost of a biway system is dependent 
largely on local conditions which govern the costs of 
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real estate, excavations, etc., which will be the largest 
factor in the first cost. 

The biway for one direction will require about the 
same size of tunnel as a single track subway, but 
will be wider and not so high. On that basis, esti- 
mates made from actual costs of subways indicate 


600 VOLT LINE 
EXCITER 


Fig. 8. Diagram of electrical connections for driving 
motors of the moving platforms 


that the total cost of biway ready for operation will 
lie between $3,500,000 and $4,500,000 per mile, or 
$10,500,000 to $13,500,000 for a 3 mile loop. At six 
per cent, the annual charges will be from $630,000 
to $810,000. 

The annual operating costs are estimated to be 
approximately $615,000 for a 3 mile loop. It will 
require about 34,000 passengers daily at 5 cents each 
to pay this. 45,000 passengers daily will pay the 
interest charges, so that only 79,000 passengers daily 
would be required for interest and cost of operation. 

Operating Economies. A comparison of the biway 
with the New York Eighth Avenue Subway will 
serve to point out the difference incosts. As stated, 
the biway will require a tunnel with about the same 
cross section as a single track of the present sub- 
way. It would cost more to finish and light it. 
The tracks would cost somewhat more for permanent 
resilient supports, which are desirable, and for the 
double track which, however, would not have heavier 
than 45 pound rails, while the subway would have at 
least 90 pound rails. 

The biway express would weigh about 440 tons per 
mile; the local about 325 tons, or a total of 765 tons per 
mile. This weight is equal to that of 18 subway cars. 
This number of cars can seat 972 passengers. One 
mile of biway would seat 4,000. Eighteen cars can 
carry a maximum of 5,040 passengers. One mile of bi- 
way could carry conservatively a maximum of 12,000. 
It would, therefore, require at least 40 subway cars 
to equal in capacity one mile of biway. Forty cars 
weigh 1,700 tons as against 765'tons for the biway. 

Forty cars have motor capacity of 380 horsepower 
per car or a total of 15,200 horsepower. One mile of 
biway will require less than 1/, this horsepower in 
motor capacity, including spare motors on the line. 
Even this is out of all proportion to the power taken 
from the line, on account of having extra motors and 
larger sizes for regenerating. The motors will be 
located in 10 driving stations with 6 motors per 
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station. The mounting and driving mechanisms of 
the motors for the biway will probably cost as much 
as the motors themselves, and the construction of 
the driving stations will add still more so that the 
difference in cost of motive power will probably not 
be very great. 

There will be a great difference between the cost of 
40 subway cars without propulsion equipment, and 
one mile of biway. The latter will be a mass pro- 
duction proposition of very simple parts, and, con- 
sidering that the weight will not exceed */; of that 
of the subway cars and trucks, should not cost more 
than half as much. 

When it comes to power consumption, the differ- 
ence will be still greater. It must be understood that 
it is utterly impossible for the subway cars to make 
13.5 stops per mile and maintain a schedule speed of 
12 to 14.5 miles per hour as the biway can do (see 
figure 5). Even with 2 1/, stops per mile, the subway 
trains can maintain a speed of only 14 miles per hour 
with 73 watt-hours per ton mile—double the watt- 
hours per ton mile required by the biway. A street 
car making 9 stops per mile with a schedule speed of 
14 miles per hour will require about 325 watt-hours 
per ton mile—about 4.5 times the amount taken by 
the subway with the same speed and !/, the stops 
per mile. With only 31/, stops per mile, the subway 
cars would require about 3 times the watt-hours per 
ton mile that the biway would. Thus even with 
reduced service in the subway during the light hours 
of traffic, and the biway running at normal speed, 
the biway would not use more than half as much 
power as the subway. If it is desired to reduce the 
cost of operation of the biway during the night hours, 
the speed may be reduced to 8 or 10 miles per hour, 
and would probably give better service then than the 
subway with fewer trains. 

Altogether it appears that the biway will cost less 
to construct and install than the subways and will 
give much better service. 


THE FIELD FOR THE BIWAY 


Undoubtedly the initial field for the biway lies in 
the crowded districts of large cities where it should be 
used for local transit and for distributing passengers 
from outlying districts. A set of interconnecting 
loops through the busy section would enable a pas- 
senger to reach any part of the section quickly and 
easily. There are strong possibilities that it might 
supersede the present local trains of the 4-track sub- 
ways. A test in actual service is necessary to prove 
its suitability for the service and its possibilities for 
extensions to longer lines. Such a test can be under- 
taken only by a properly financed transit utility or 
by a muncipality, since the installation would in- 
volve the right of way, interferences, and a cost of 
construction far beyond what could be financed by 
a manufacturer of the equipment itself. When such 
a test has been made, the costs of operation, power, 
and maintenance will be determined and all questions 
as to safety, reliability, and general practicability 
will be answered. Certainly, if cities continue to 
grow, a system having the characteristics and attri- 
butes of the biway will soon be an absolute necessity. 
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Silicon Steel in 


Communication Equipment 


Steel containing small amounts of silicon 
has come into wide use as a magnetic core 
material. In this paper the different grades 
of silicon steel, and other magnetic ma- 
terials such as the nickel-iron alloys, are 
discussed with particular reference to the 
selection of the most satisfactory alloy for 
the various applications in communication 
equipment, which includes transformers for 
audio frequencies, small rotating apparatus 
and relays. 


©. THE 10 elements which form 
nearly 99 per cent of the earth’s crust only oxygen is 
more abundant than silicon, the availability of which 
makes it inexpensive as compared to other alloy ele- 
ments. It is doubtful if iron or steel has ever been 
produced commercially without at least a trace of 
silicon. In the proper proportions it indirectly in- 
creases the initial permeability and decreases losses, 
but with a reduction in saturation induction slightly 
greater than the percentage of silicon added. 

The early work of Hopkinson, Parshall, and Had- 
field dealt with the study of the magnetic and elec- 
trical properties of silicon alloys and directed atten- 
tion to the possible application of such alloys and 
magnetic structures.* The first silicon alloy sheet 
was produced shortly after 1900 by several German 
firms for the Physikalisch-Technische-Reichsanstalt. 
As was expected, because of its higher specific re- 
sistance, eddy current losses were reduced, hystere- 
sis losses were also lower, and permeability in low 
fields was higher than for ordinary iron. The rec- 
ords of the General Electric Company indicate that 
it was 1905 before silicon steels were regularly used 
in transformers. Development has continued and 
improvements are still being made. In figure 1 is 
shown the decrease in core loss of commercial silicon 
steels during the period 1905 to 1933. 


SILICON STEELS 


There are available commercially in the United 
States 6 grades of electrical sheet steels whose normal 
properties are given in table I and in figures 2 and 3. 

It is common practice to purchase steels containing 
one per cent or more of silicon on the basis of magnetic 
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and mechanical tests but with no definite specifica- 
tion as to silicon content. Sheet steels are processed 
by the manufacturer by treatments such as hot and | 
cold rolling, annealing, pickling, etc., in any desired | 
sequence depending on the requirements. Many © 
manufacturers of the higher grades of silicon steels 
reclassify them depending on the losses as measured 
during the manufacture. For example, a 29 gauge 
steel sheet containing a given percentage of silicon 
may be sold under a loss guarantee, for use at 60 
cycles with flux density B = 10,000 lines per square 
centimeter, of 0.72, 0.66, or 0.60 watts per pound. 
Maximum permeabilities are available from 5,000 
for standard iron to 8,000 for the ordinary trans- 
former irons and 20,000 for the best silicon trans- 
former irons. 

In order to select the proper grade of material for 
a particular application, a number of factors must be 
considered. For example, standard and armature 
grades of steel have rather high losses and are sub- 
ject to aging, or gradual change in magnetic proper- 
ties at operating temperatures, while steels of higher 
silicon content do not age. Steels with low silicon 
content are difficult to mill anneal because of stick- 
ing during the process, and further, the low resistivity 
is objectionable except at low frequencies. Thus 
standard iron and armature iron are undesirable 
where efficiency is important; however, these may 
be used to advantage where low cost is essential, the 
service is intermittent, or the apparatus requires a 
high saturation limit and uses low frequency. Un- 
like standard iron, armature iron is sold by the mills 
on a guaranteed loss basis, and this, together with the 
expense of the better annealing, makes an appreciable 
difference in price. 

Electrical sheet containing approximately 1 per 
cent silicon, is the cheapest reliable grade of mill- 
annealed steel and so is widely used for low frequency 
and low cost machines where efficiency is not highly 
valued. Its mechanical properties are very similar 
to standard iron although it has slightly more sur- 
face scale. It is suitable for use in rotating appara- 
tus. 

Motor grade, about 21/. per cent silicon, is thor- 
oughly reliable mechanically as well as magnetically. 
It is particularly suitable for use in medium sized ro- 
tating apparatus and in certain classes of trans- 
formers and reactors. It normally has an appreci- 
able surface scale which may be satisfactory as insu- 
lation in small apparatus. It can be spot welded. 

Dynamo grade, which contains 3!/. per cent sili- 
con, is considered satisfactory mechanically for gen- 
eral use in rotating apparatus but with higher silicon 
content brittleness makes such use hazardous in the 
rotating parts. On account of the normal heavy 
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scale of this steel annealing in a neutral atmosphere 
is necessary to prevent oxidation, and it is often 
better to purchase this material pickled. Punching 
of the mill-annealed dynamo steel hardens the edges 
sufficiently to prevent tearing when used in trans- 
formers having a forced fit core where motor grade 
normally is too soft. 

For large transformers, where size and losses are 
limiting factors, transformer grade with 4 per cent 
or more of silicon will give uniformly low losses and 
annealing can be done after punching in a forced fit 
core design without fear of tearing. Transformer 
grades of steel are used particularly for apparatus 
where low losses without particular regard to me- 
chanical properties are necessary. Transformer steel 
which has been selected for lower than normal losses 
is additionally classified as audio grade. 

These grades of material are further classified as 
to thickness, the most commonly used gauges being 
24, 26, and 29. For power use 29 gauge is about as 
thin a sheet as is practicable from consideration of 
manufacturing, resulting loss, and cost. For fre- 
quencies from 2,000 to 10,000 cycles 36 gauge and for 
radio frequencies 3 mil stock is used. Space factor 
punching and assembling costs, expense of dies, extra 
rolling, end increasing core losses limit the thinness 
of steel for a given application. However, it has 
been found that unless the frequency exceeds 2,000 
cycles, the 29 gauge is, in general, the most economi- 
cal. 

Besides selecting the grade and thickness of steel 
to be used, the designer is faced with some interesting 
problems in selecting treatment for the steel. For 
lowest cost, annealing at the mill, punching, and as- 
sembling without any factory treatment is the ap- 
propriate procedure. For high frequencies, low flux 
densities, and small tooth widths and air gaps it is 
important to anneal the material after punching in 
the factory. Special technique is required in an- 
nealing to minimize warping to secure the least 
possible surface scale, and to obtain the lowest pos- 
sible hysteresis losses. Surface scale on silicon steel 
is very objectionable, not only because it causes 
rapid die wear, poor space factor, and loose particles, 
but because it materially increases the core losses at 
high induction. Best results are obtained by an- 
nealing in hydrogen and subsequent pickling, but 
this process is too expensive for general use.'? 

It is important to secure minimum burrs on the 
punched edges and it is occasionally desirable to 
lightly grind off these burrs before assembly. Insu- 
lation of the punchings is more necessary at high fre- 
quencies and in large apparatus, but it can usually 
be dispensed with on the silicon steels used in small 
radio and audio apparatus. 


OTHER MAGNETIC MATERIALS 


There are a number of special and experimental 
alloys which should be mentioned to make any con- 
sideration of magnetic materials used in communica- 
tion equipment complete. For radio frequency use 
there has been developed a powdered iron which is 
molded in a binding material which insulates each 
particle. At present this material is used to make 
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cores for intermediate frequency transformers used 
in some radio receivers and its possibilities appear 
quite favorable, particularly from the standpoint of 
reducing the size of these transformers. A similar 
material has also been successfully used for the cores 
of telephone loading coils. 

Where lower losses and higher permeabilities are 
required than can be obtained in silicon alloys, the 
nickel-iron alloys, or permalloys, are very useful. A 
45-50 per cent nickel alloy is used in certain classes 
of audio transformers, and in other devices where a 
high saturation limit is not required. This material 
of 29 gauge can be obtained commercially with losses 
under 0.35 watts per pound at 60 cycles with B = 
10,000. Commercial maximum permeabilities are 
in the order of 45,000 to 60,000. However, the cost 
of this material is from 6 to 10 times that of the best 
grades of transformer steel and of necessity it must 
be factory annealed after punching. However, the 
mechanical properties are much better than those of 
the highest grade silicon steel so manufacturing 
losses are not as great. 

A permalloy which contains approximately 80 
per cent nickel has about 11/, times the permeability 
of the 45-50 per cent nickel alloy but the cost is 
twice that of the latter. Both of these alloys have 


Table I—Properties of Electrical Steels 


Grade 

Stand- Arma-_ Elec- Dy- Trans- 

ard ture trical Motor namo former 

Normal silicon, percent... . 0 (Ot) 1.0 225 3.5 4.0r 

Watts loss per pound at 60 ; 

cycles for 29 gauge as 

purchased, B = 10,000... 20 1.65 1.35 1.10 0.95 0.70 
Flux density in lines per 
square inch at 100 ain- 

pere turns per inch...... 105,000 105,000 105,000 100,000 100,000 96,000 
Number of 180 degree 
bends over 5 millimeter 
radius to cause fracture, 

QO CANE titra ye ueisle ee 20* 20* 21 16 8 2 
Ultimate strength in 

pounds per squareinch... 42,000 45,000 47,000 60,000 70,000 80,000 
Yield point in pounds per 

square inch’ 05-2.) 28,000 27,000 27,000 47,000 57,000 69,000 
Elongation in 4 inches, per 

CONC Aaa. eis leeraterese sence 21 19 17 12 4 3** 
Resistivity approx. mi- 
crohms per centimeter 

CUD ears iec bts, sorte str xy 14 18 25 43 51 62 


* These figures are for 26 gauge (0.019 inch). The values for these materials are 


quite variable. 
** Elongation in 2 inches, per cent. 


the disadvantage that magnetic properties change 
adversely due to mechanical shock or stress, a char- 
acteristic which must be given due consideration. 
Permalloy has been used very successfully for load- 
ing extremely long cables such as transatlantic tele- 
graph cables. 


APPLICATION OF SILICON STEEL 
The selection of the grade of magnetic material 


best suited to the component parts of communication 
equipment depends primarily on the limitations im- 
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posed, such as size and weight, losses, voltage regula- 


tion, and cost. 

Power transformers operate at only one frequency, 
such as 25, 50, or 60 cycles, although there are spe- 
cial cases where 360, 500, or 800 cycles are used. For 
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the 3 higher frequencies 29 gauge transformer steel is 
generally used since it has the required high resistiv- 
ity which limits losses to a satisfactory value. How- 
ever, for the lower frequencies each limitation must 
be considered separately. 

On high class transmitting equipment the limiting 
factors are usually voltage regulation and losses. 
Thus the higher silicon content steels are desirable 
since for a given loss they can be operated at higher 
densities, thereby allowing a reduction in core cross 
section and reducing winding resistance and leakage 
reactance. 

Power transformers or other special apparatus 
used on ships and airplanes invariably must be made 
as small and light as possible and hence require the 
use of a lower loss material such as transformer steel 
(audio grade). Those used in broadcast receiving 
equipment, however, are usually built in larger 
quantities and cost is a more important item. The 
grade of steel to be used depends more on the relative 
importance of each limiting factor and also on the 
manufacturer’s plant equipment. Consequently, 
the 24 gauge motor grade, both the 24 and 26 gauge 
dynamo grade, and the 29 gauge transformer grade 
either mill annealed or factory annealed may be used 
as requirements dictate. 

In general, the same factors that control the de- 
sign of power transformers apply in the design of re- 
actors but have different relative weights in the se- 
lection of the material, depending on the function of 
the reactor. The low frequency filter reactor, for 
example, operates at an extremely low alternating 
flux density so the core losses are relatively unim- 
portant. However, the inductance of the reactor 
must be high to furnish a high impedance to the 
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fluctuating current of a rectifier while the resistance 
must be low in order to obtain good d-c regulation. 
Since inductance is directly proportional to the effec- 
tive permeability of the magnetic path, the permea- 
bility is an important factor in the design. The air 
gap which is introduced in the magnetic circuit to 
prevent saturation of the core with d-c flux reduces 
the effective permeability. Consequently, although 
there is an appreciable difference in the permeabili- 
ties of the various commercial silicon steels, there is a 
relatively small difference in the effective permea- 
bility between the motor grade and a higher grade 
when an air gap is placed in the magnetic circuit. As 
a result the use of the higher grade of steel is not 
justified from an economic viewpoint although limits 
on size and weight may justify its use. 

Tank circuit oscillator reactors for use in audio 
oscillator circuits are distinctly an a-c type of reactor 
which operate at a given relatively high frequency. 
If the frequency is 2,000 cycles or above, the eddy 
current losses in the steel become excessive unless an 
exceptionally thin lamination of high resistivity ma- 
terial is used. It is, therefore, usually necessary to 
use a 36 gauge transformer steel in the core. 

Audio reactors, like filter reactors, carry direct 
current but differ from the filter and tank circuit re- 
actors in that they operate over a wide range of fre- 
quencies instead of operating at a fixed frequency, 
the limits depending on the range of the apparatus 
in which they are used. The audio reactor should 
have a uniformly high impedance over its entire fre- 
quency range and consequently the distributed ca- 
pacity of its windings as well as its inductance must 
be given consideration, since the combined imped- 
ance of these 2 factors is the net impedance. As the 
inductance, which varies with the square of the num- 
ber of turns, should be very high and since the dis- 
tributed capacity, which in general increases with 
the number of turns and the size of the coil, should be 
very low, it is necessary to compromise on the num- 
ber of turns and use a high permeability steel. Usu- 
ally the requirements listed make it necessary to use 
a 29 gauge transformer steel (audio grade) in audio 
reactors although in special low cost apparatus, with 
a narrow frequency range, either motor grade or 
dynamo grade may meet the requirements. 


SELECTION OF CORE 
FOR AUDIO FREQUENCY TRANSFORMERS 


The audio frequency transformer has little in com- 
mon with the power transformer. The power trans- 
former operates from a voltage source of good regu- 
lation which permits a design having relatively high 
losses. The audio transformer, on the contrary, 
operates from a voltage source of poor regulation, 
varying widely in amplitude, and covering a wide 
frequency range (nominally 30 to 10,000 cycles). 
As a result the flux densities vary from negligible 
values at 10,000 cycles to approximately 4,000 lines. 
per square centimeter at 30 cycles. Under these 
conditions it is desired that the transformer have a 
constant ratio over the operating frequency range. 
While such performance is obviously impossible it 
can be approached by providing sufficient primary 
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impedance, selecting the turn ratio to properly re- 
flect the load and by correctly balancing the leakage 
reactance and distributed capacity in the secondary 
winding. 

In order not to unnecessarily load the voltage 
source the transformer open circuit primary imped- 
ance must be equal to or greater than the imped- 
ance of the voltage source and losses in the trans- 
former must be kept low. Since the permeability 
of magnetic materials decreases with the flux den- 
sity (below the point of maximum permeability) this 
impedance should be determined at the lowest op- 
erating signal voltage and frequency. The primary 
impedance of the interstage or input transformers, 
operating with no d-c flux in the core, varies with the 
Square of the primary turns making it desirable to 
use a large number of turns. The high frequency 
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possible to obtain the required primary impedance by 
the use of a high permeability core of the proper 
cross section. 

From the foregoing it may be seen that the char- 
acteristics of the materials used are of vital impor- 
tance and that the higher the permeability of the 
steel, especially at lower densities, the better it is for 
interstage and input transformer design require- 
ments. 

If the output transformer operates from a single 
tube, the direct current usually passes through the 
primary winding and it is necessary to insert an air 
gap in the core to prevent saturation by the d-c flux. 
The output transformer is normally a step down 
transformer which makes it possible to use a large 
number of primary turns without introducing diffi- 
culties with high leakage reactance. Since the dis- 
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requirements, however, demand that the distributed 
capacity and leakage reactance of the secondary 
windings be kept low so that series resonance between 
them will not occur in the operating frequency range. 
Since the secondary leakage reactance varies with 
the square of the secondary turns and the turn ratio 
is fixed by the respective circuit impedances, there 
are 2 conflicting demands: one for a large number of 
turns, and the other for a small number of turns. 
The primary impedance also varies with the perme- 
ability and with cross section of the core, making it 
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distributed capacity of the secondary winding with 
so few turns is negligible no consideration need be 
given to balance between leakage inductance and 
distributed capacity. Consequently, as far as core 
material is concerned, the same factors that influence 
the filter reactor design must be considered for the 
output transformer which carries direct current in its 
primary winding. The push-pull output type of 
transformer design can be considered as an a-c re- 
actor operating over a wide frequency range. 

In all audio transformers the operating core densi- 
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ties are kept very low and this condition combined 
with thin laminations and a high resistivity steel to 
restrict the eddy current losses at high frequencies 
adequately provides for the low loss requirements. 

The silicon steel which best meets the require- 
ments of high permeability and high resistivity is the 
transformer grade. In practice, transformer steel 
(audio grade) is used except in low cost receiving 
equipment output transformers having an air gap 
in the magnetic circuit. In these latter transformers 
to keep the cost low either motor or dynamo grade is 
used, but at a sacrifice in quality. 


APPLICATION OF NICKEL-IRON ALLOYS 


As previously indicated, a compromise between 
the requirements of high primary impedance and 
low leakage reactance and distributed capacity must 
be made. The primary turns are thus limited for 
any given design, and if a transformer steel core is 
used it is necessary to have a relatively large core 
cross section to obtain sufficient primary inductance. 
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Representative core loss curves for sheet 
steels 


H—Standard, 24 gauge 
J—Armature, 24 gauge 
K—Electrical, 26 gauge 
l—Motor, 24 gauge 


Fig. 3. 


M—Motor, 26 gauge 

N—Dynamo, 29 gauge 

P—Transformer, 29 gauge 

R—A\lloy containing 45- 
50 per cent nickel, 98 
gauge 


If an attempt is made to reduce the over-all physical 
size of the transformer by reducing the cross section 
the turns must be increased and it then becomes 
necessary to sectionalize the coils to keep the leakage 
reactance and distributed capacity low. The result 
however, is a tendency to further increase the size of 
the transformer rather than decrease it because of 
the poorer winding space factor. To obtain a size 
reduction it is, therefore, apparent that a core ma- 
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terial of much higher permeability is needed to per- 
mit the use of relatively few primary turns. 

With such a very high permeability steel the core 
section area could be reduced, and with the resulting 
smaller core, lower distributed capacity and leakage 
inductance could be obtained because both depend 
on the physical size of the coil. Consequently, the 
higher the permeability of the steel can be made the 
better it is for the audio transformer design, provid- 
ing, of course, that the losses are also proportionally 
lower. 

An alloy containing from 45 to 50 per cent nickel 
meets the requirements of both low loss and high per- 
meability at low densities and for that reason is being 
used extensively although its high cost tends to limit 
its use. This seems to indicate that it should be 
used only where small size is required but actually 
under certain conditions of design of the larger audio 
transformers the additional complication resulting 
from the necessity of excessive splitting up of coils 
in silicon steel core transformers makes the nickel 
alloy design not only smaller but also less expensive. 
The steel companies have been making great efforts 
to improve their high silicon steel. Although there 
is no present expectation of reaching the nickel alloy 
quality, developments indicate that a new field for 
audio transformer design may be opened up as per- 
meabilities are obtained ranging well above that of 
the commercial transformer steel. 

The curves of figure 4 taken on an input trans- 
former designed for use with a 45-50 per cent nickel 
alloy core indicate the relative characteristics of some 
experimentally improved grades of transformer steels 
and the nickel alloy. The same conditions were 
held for each curve with the single exception of 
changing the core material. These curves indicate 
very well the comparative improvement obtained in 
an audio transformer by using the experimental iron. 
As would be expected the greatest difference appears 
at the lower frequencies. 


APPLICATION TO ROTATING APPARATUS AND RELAYS 


While the most interesting and varied applications 
of silicon steel are in connection with transformers 
and reactors, the subject would not be complete 
without discussing briefly the application of silicon 
steel to rotating apparatus and to relays. In rotat- 
ing apparatus, an air gap is necessary for mechanical 
reasons, and as a result of this air gap the perme- 
ability of the iron is not of particular consequence for 
the same reasons as discussed under low frequency 
filter reactors. However, the flux density in a rotat- 
ing machine is relatively high; therefore, the core 
losses are important, and for this reason it is desir- 
able to use a high grade of steel. 

In practically all rotating apparatus for communi- 
cation work built in fractional horsepower motor 
frames, the motor grade steel is found preferable. 
The thicknesses used vary from 24 gauge for the usual 
power frequencies down to 29 gauge for frequencies. 
up to 2,000 cycles, and 36 gauge for still higher fre- 
quencies. | 

The chief consideration in selecting the steel for 
these small machines is to balance the efficiency 
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against the cost, as heating due to iron losses is sel- 
dom important. The flux densities used are kept 
well below saturation to minimize the excitation am- 
pere turns consumed in the steel. The densities are 
reduced for the higher frequencies to keep down the 
total losses. 

The larger rotating machines used in communica- 
tion work, such as battery charging generators, high 
voltage d-c generators for radio broadcasting power 
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previously referred may become a competitor of the 
45-50 per cent nickel alloy and may even surpass it 
when used where high electrical resistivity is im- 
portant. The cost will, no doubt, be very much 
less than that of nickel alloys. The promising suc- 
cess obtained by the Smith process and develop- 
ments described by Goss! in producing cold rolled 
strip may be the forerunner of a still better quality 
and more economical method of manufacture. The 
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Fig. 4. Curves showing the effect of different materials on the frequency response of an audio transformer 


1—Allloy containing 45-50 per cent nickel 


supply, etc., present no unusual features, so far as 
their steel is concerned. An interesting special case, 
however, is that of the 15,000 to 30,000 cycle Alex- 
anderson alternators built about 20 years ago for 
some of the first transoceanic radio stations, for 
which a special 1.5 mil standard iron was used in 
strip form. 

The magnetic design of relays and contactors pre- 
sents an entirely different problem from that of 
other apparatus, as the important thing here is to 
have low magnetic retentivity, so that the device 
will not be held in a closed position by residual mag- 
netism when the circuit is opened. Many special 
grades of steel of low retentivity have been de- 
veloped but careful annealing is required to make 
this property permanent. Hardening of contactor 
steels, resulting from the hammering of repeated 
operation, tends to increase the retentivity of the 
steel, and so makes a wide margin of safety neces- 
sary in new designs. 


OUTLOOK FOR THE FUTURE 


The present trend in the development of magnetic 
steels is toward the use of a great variety of special 
alloys for new applications. Thermomagnetic steels, 
which lose their magnetism sharply at a certain tem- 
perature, are increasingly employed for thermal con- 
trol relays and for temperature compensation pur- 
poses. Other steel alloys with aluminum, nickel, 
and cobalt are being developed for use as permanent 
magnets. These magnets make possible the design 
of more compact synchronous motors and small high 
frequency generators formerly provided with excit- 
ing coils. 

Experimental work in laboratories as well as data 
published by the steel manufacturers indicate that 
future developments may be expected to yield fur- 
ther improvements comparable with those already 
obtained. The experimental steel to which we have 
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9—Experimental iron 


3—Transformer steel, audio grade 


one development upon which there seems to be little 
or no progress is that of producing a commercial 
material which saturates at a higher density with a 
low exciting current. One must not forget standard 
iron as more economical materials are demanded, 
since development work on it indicates the possibili- 
ties of replacing the lower grades of silicon steel with 
this cheaper material. A great variety of other 
alloys are being experimented with, in the hope of 
developing new varieties of steels with improved 
characteristics of loss, permeability, and other mag- 
netic properties, and marked progress has been made. 
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Research Work in 
Masgnetics—1933—34 


A review of the research work which has 
been done in the field of magnetics during 
1933 and 1934 is contained in the articles 
and papers referred to in a comprehensive 
bibliography which has recently been pre- 
pared. In this bibliography, which is di- 
vided into 31 sections and contains 211 
items, publications of all countries are con- 
sidered. The list should be of considerable 
value to those interested in magnetics. It 
is preceded by an introduction which out- 
lines briefly the trends and the develop- 
ments in magnetics at the present time. 


By 
THOMAS SPOONER Westinghouse Elec. and Mfg. 


FELLOW A.1.E.E. Company, E. Pittsburgh, Pa. 


Nes causes of ferromagnetic phenom- 
ena are largely a mystery and the laws governing 
them are mostly empirical. This is a challenge to 
the physicist and engineer, which results in an enor- 
mous amount of experimental and theoretical work. 
Moreover, these magnetic phenomena must be 
correlated with the new theories of physics such as 
quantum mechanics, wave mechanics, and electron 
spin, if these theories are to be proved valid. The 
large number of references to theoretical investiga- 
tions and to a study of phenomeza chiefly of theoreti- 
cal interest, such as the Barkhausen effect, Heusler 
alloys, properties of thin films, gyromagnetic effects, 
and the like, indicate the interest in this subject. 

Much valuable progress has been made recently 
toward unified practice all over the world with refer- 
ence to magnetic definitions and symbols, due to the 
activities of the International Electrotechnical Com- 
mission and associated bodies. 

Further experimental data have become available 
on the a-c ferromagnetic properties of materials as a 
function of superposed direct current. This is of 
value to designers of audio frequency transformers 
and to rotating machine designers. 

When a knowledge of the magnetic properties of 
single crystals became available a few years ago, it 
proved very valuable in furthering an understanding 
of the properties of ordinary polycrystalline mate- 
rials. This knowledge when applied to the effects 


Especially prepared for ELECTRICAL ENGINEERING under the auspices of the 
A.I.E.E. committee on research. Manuscript submitted July 11, 1935; re- 
leased for publication Aug. 20, 1935. 
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of mechanical working and heat treatment promises 
to be of considerable commercial importance. _ 

The magnetic properties of ferromagnetic materials 
at moderate inductions are profoundly affected by 
mechanical stress. Much useful work in the field of 
magnetostriction has been done recently, both from a 
theoretical and practical standpoint. 

Recent developments of commercial magnetic 
materials have followed several major directions: 
(1) new core materials suitable for radio frequencies; 
(2) new nickel-iron alloys with high initial and maxt- 
mum permeabilities; (3) production and study of the 
properties of sheet with preferred grain orientation; 
and (4) the discovery of a number of new permanent 
magnet materials having remarkably high coercive 
forces. The chief activities on the last item have 
been in Japan. While most of these newest perma- 
nent magnet materials cannot be forged they mark a 
very great advance and at least one type of alloy will 
be much cheaper than the well-known high cobalt 
steels. 

Nearly everyone working in the field of magnetics 
seems to feel called upon to develop new methods of 
test. Some of these are desirable because of new 
materials having properties outside of the range of 
previously existing materials and some are desired 
in order to increase the speed and accuracy of 
measurement or both. In the first class the newly 
developed permanent magnet materials have re- 
quired the construction of new permeammeters which 
will supply higher magnetizing forces without undue 
heating. For the measurement of the a-c magnetic 
properties of laminated materials one of the most 
interesting new devices is the ‘“‘ferrometer’’ de- 
veloped by the Siemens-Halske Company. This 
measures permeability and losses by means of d-c 
instruments supplied through vibrating mechani- 
cal rectifiers. It also traces hysteresis loops. 

The bibliography which follows covers, in general, 
the published articles on research work in magnetics 
appearing in 1933 and 1934. Inits preparation, very 
considerable use was made of Science Abstracts for 
these 2 years. In general, diamagnetic and para- 
magnetic materials have been omitted. 
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64. R.M. Bozorth, Phys. Rev., v. 42, 1932, p. 882-92. Develops theoretical 
curves of magnetization and shows the agreement with published results for iron 
and nickel crystals. 

65. R. Gans and E. Czerlinsky, Ann. d. Physik, v. 16, No. 6, 1933, p. 625-35. 
Give theoretical magnetization curves derived for cobalt, iron, and nickel crystals 
and compare these with experimentally observed data. 


Gives a theoretical dis- 


VIII—MAGNETOSTRICTION AND 
THE EFFECT OF MECHANICAL STRESS 


66. F. Preisach, E.N.T., v. 9, 1932, p. 334-40. Presents theoretical and ex- 
perimental work on the shape of the hysteresis cycle as a function of stress. 


67. C. W. Heaps, Phys. Rev., v. 42, 1932, p. 108-18. Presents data on the 
effect of strain on magnetostriction and the magnetization of nickel wire. 


68. N. Akulov and E. Kondorsky, Zeits. f. Physik, v. 78, No. 11-12, 1932, p. 
801-7. Give a theoretical discussion of the magnetostriction of single crys- 
tals. 

69. N. Akulov, A. Helfenbein, and N. Byczkov, Zeits. f. Physik, v. 78, No. 11— 


12, 1932, p. 808-14. Present a theoretical and experimental study of the shape 
of the magnetization curve in weak fields as a function of elastic deformation. 


70. H. Kiihlewein, Zeits. f. techn. Physik, v.13, No. 11, 1932, p. 539-40. Dis- 
cusses magnetic “‘after effects’ resulting from strain of very small loads. 
71. A. Schulze, Zeits. f. Physik, v. 82, No. 9-10, 1933, p. 674-83. Discusses 


the linear relation between magnetostriction and the square of the intensity of 
magnetization. 


72. M. Kersten, Zeits. f Physik, v. 85, No. 11-12, 1933, p. 708-16. Dis- 
cusses the effect of magnetization on the elasticity of ferromagnetic materials. 


73. F. Bitter, Evec. Encc., v. 53, Sept. 1934, p. 1246-50. Offers a dis- 
cussion of magnetic theory as it relates to magnetostriction. 


74. W. Janovsky, Zeits. f. iechn. Physik, v. 14, No. 11, 1933, p. 466-72. De- 
scribes test apparatus and discusses the effect of various types of mechanical 
stress on the hysteresis loop of ferromagnetic materials. 


75. G.Tammann and H. J. Rocha, Ann. d. Physik, v. 16, No. 7, 1933, p. 861-4. 
Present test data on the change in induction of iron-nickel alloys, due to cold 
drawing of wire and recovery from heating. 


76, R. L. Steinberger, Physics, v. 4, 1933, p. 153-61. Determined the mag- 
netic properties of iron-nickel alloys under hydrostatic pressure up to 12,500 
kilograms per square centimeter. 


77. Y. Masiyama, Tohoku Univ. Sci. Reports, v. 21, 1932, p. 394-410. Pre- 
sents data on the magnetostriction of iron-cobalt alloys. 

78. S. R. Williams, Rev. Sci. Instruments, v. 3, 1932, p. 675-83. Presents 
data on the magnetostriction of iron-cobalt alloys. 

79. Y.Masiyama, Tohoku Univ. Sci. Reports, v. 22, 1933, p. 338-52. Pre- 


sents experimental data on the magnetostriction of nickel-cobalt alloys, covering 
both the longitudinal and transverse effects. 


80. F. Preisach, Phys. Zeits., v. 33, 1932, p. 913-23. Gives experimental 
data of permeability and hysteresis by magnetization in the direction of applied 
tension, including some information on Barkhausen discontinuities. 


81. R. Becker, Phys. Zeits., v. 33, 1932, p. 905-13. 
cussion of elastic tension and magnetic properties 


Gives a theoretical dis- 


82. T. Aizawa and G. Wachi, Electrotech. Lab. Tokyo, Japan, Researches, No. 
351, 1933. Present experimental results on the effect of tension on the 
magnetic hysteresis of ‘‘permalloy.’’ 


83. O. v. Auwers, Ann. d. Physik, v. 17, No. 1, 1933, p. 83-106. Presents 
experimental data on the influence of the intensity of magnetization upon the 
modulus of elasticity and damping of natural vibrations of ferromagnetic ma- 
terials. 


84. R. Becker, Zeits. f. Physik, v. 87, No. 9-10, 1934, p. 547-59. 
theoretical discussion of magnetostriction of ferromagnetic ellipsoids. 


85. M. Kornetzki, Zeits. f. Physik, v. 87, No. 9-10, 1934, p. 560-79. Ex- 
amines the theory of magnetostriction of ferromagnetic ellipsoids from an experi- 
mental standpoint using iron and cobalt ellipsoids. 


Gives a 


86. E. Lopuchin, Phys. Zeits. d. Sowjetunion, v. 5, No. 1, 1934, p. 57-74. 
Presents experimental results on the effect on the magnetization of rods when 
stretched in the earth’s field. 
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87. M.N. Michejew, Phys. Zeits. d. Sowjetunion, v. 3, No. 4, 1933, D. 393-8. 
Investigates the influence of elastic extension of ferromagnetic material at the 
Curie point, using a nickel-copper alloy. 

88. J. M. Ide, I.R.E. Proc., v. 22, 1934, p. 177-90. Studies of a considerable 
number of ferromagnetic alloys of iron, nickel, chromium and cobalt, with re- 
spect to their action as magnetostrictive oscillators. 


89. O. v. Auwers, Phys. Zeits., v. 34, 1933, p. 824-7. Experimental studies 
of the volume of magnetostriction in polycrystalline and mono-crystalline bodies, 
using iron-nickel and iron-cobalt-nickel alloys. 


90. H. Ostermann and F. v. Schmoller, Zeits. f. Physik, v. 78, No. 9-10, 1932, p. 
690-6. Deal with the induction effect at the ends of a twisted ferromagnetic 
wire, both from a theoretical and experimental aspect. 


91. W. Schutz, Zeits. f. Physik, v. 78, No. 9-10, 1932, p. 697-703. 
subject as reference 90.) 

92. R. Becker and M. Kornetzki, Zeits. f. Physik, v. 88, No. 9-10, 1934, p. 
634-46. Offer experimental results and a theoretical discussion of torsional 
magneto-elastic effects. 


93. K. Aoyagi, Jl. I.E.E., Japan, v. 53, 1933, p. 654-66. Discusses the mag- 
netostrictive constants and motional impedances of magnetostrictive resonators. 


94. F. Bitter, Phys. Rev., v. 42, 1932, p. 697-708. Gives a theoretical dis- 
cussion of the properties of homogeneously distorted cubic ferromagnetic lat- 
tices. 

95. W. Fricke, Zeits. f. Physik, v. 80, No. 5-6, 1933, p. 324-41. Presents a 
new experimental method of determining the change of cross section of a cylin- 
drica ‘rod of ferromagnetic material subjected to a magnetic field parallel to its 
length. Measurements were made on iron, nickel, and cobalt. : 


96. S.R. Williams, Am. Soc. for Steel Treating Trans., v. 21, 1933, p. 741-68. 
Presents an extensive study of the relation between magnetostriction and me- 
chanical hardness, and also shows that the magnetizing process produces changes 
in hardness. 


(Same 


IX—MAcGNETIC FIELDS 


97. M. Landolt, Assn. Suisse Elec. Bul., v. 24, 1933, p. 357-9. Discusses 
the new electrical and magnetic units with reference to magnetic field equations. 


98. F. K. Harris, Bureau of Standards Jl. of Research, v."13, 1934, p. 391-410. 
Describes coil arrangements for producing uniform magnetic fields throughout a 
long cylindrical volume. 


99. I. 1. Rabi, Rev. Sci. Instruments, v. 5, 1934, p. 78-9. 
ering 2 methods of producing a uniform magnetic field. 


100. G. Fanselau, Terr. Mag., v. 38, 1933, p. 277-82. 
use in terrestrial magnetic field measurements. 


Gives a theory cov- 


Presents tables for 


X—EFFECT OF HEAT TREATMENT 


101. G. A. Kelsall, Physics, v. 5, 1934, p. 169-72. Presents data on per- 
meability changes in ferromagnetic materials heat treated in magnetic fields. 
Permeabilities of over 140,000 have been obtained for ‘“‘permalloy’’ by such.a 
treatment. 


102. I. N. Zavarine, A.I.M.E. Trans., v. 113, 1934, p. 190-201. Gives data 
on the magnetic transformations in carbon steels during quenching. 


XIJI—EFFECT OF TEMPERATURE 


103. P. Weiss, Comples Rendus, v. 198, 1934, p. 1893-5. Presents data on 
values of magnetic saturation at very low temperatures, lowest values being at 
20 degrees Kelvin. 


104. P.S. Epstein, Nat. Acad. Sci. Proc., v. 19, 1933, p. 1044-52. Gives a 
theoretical discussion of the effect of temperature on magnetic saturation of 
single crystals. 


105. J. Seigle; Jl. de Physique et le Radium, v. 5, 1934, p. 837-48. Considers 
the magnetic changes in iron and steel as a function of temperature. The data 
are correlated with dimension changes and constitutional structure. 


106. H. H. Potter, Roy. Soc. Proc., v. 146, 1934, p. 362-87. Describes 
theoretical and experimental work on the magnetic properties of nickel and 
iron near the Curie point. 


107. T. Kahan, Comptes Rendus, v. 199, 1934, p. 349-51. Discusses the 
effect of Wariation of temperature on the demagnetization factor of specimens 
of nickel and cobalt cylinders. 


XII—BARKHAUSEN EFFECT 


108. H. Brion, Ann. d. Physik, v. 15, No. 2, 1932, p. 167-97. Gives a 
theoretical discussion of the relation between the Barkhausen effect and rota- 
tional hysteresis and magnetization. 


109. C. W. Heaps, Phys. Rev., v. 45, 1934, p. 320-3. Deals with experimental 
results on discontinuities of resistance associated with the Barkhausen effect, 
his specimens being a nickel wire under bending stress. 


110. R. E. Reinhart, Phys. Rev., v. 45, 1934, p. 420-4; and v. 46, p. 483-6. 
Has investigated large Barkhausen discontinuities and their propagation in 
nickel-iron alloys under conditions of circular field, longitudinal field, torsion, 
and tension. 


lll. K. J. Sixtus and L. Tonks, part I, Phys. Rev., v. 37, 1931, p. 930-58; 
part II, v. 42, 1932, p. 419-35; part III, v. 43, 1933, p. 70-80; part IV, v. 43, 
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1933, p. 931-40; and v. 39, 1932, p. 357-8 and 375-6. Have written a series 
of papers dealing with the propagation of large Barkhausen discontinuities, 


112. F. Hulster, Zeils, f. techn. Physik, v. 13, No. 11, 1932, p. 516-31; and v. 
13, No. 12, p. 618. Has 2 papers dealing with large magnetic discontinuities 
of the Barkhausen type. 


113. F. J. Beck and L. W. McKeehan, Phys. Rev., v. 42, 1932, p. 714-20. 
Give experimental data on the Barkhausen effect in rotating fields for single 
crystal disks of silicon steel. 


114. O. Tesche, Phys. Zeits, v. 34, 1933, p. 879. Gives experimental data 
on the Barkausen effect below and above the Curie point for samples of iron, 
nickel, and cobalt, and various kinds of steel. 


XIITI—CoMMERCIAL MAGNETIC MATERIALS 


115. R. F. Edgar, A.I.E.E. Trans., v. 52, Sept.-Dec. 1933, p. 721-5; disc. 
725-6; and Evec. EnGG., v. 53, Feb. 1934, p. 318-22. Describes methods of 
testing and gives experimental data on the loss characteristics of silicon steel 
with combined a-c and d-c excitation. 


116. S. Procopiu, Compiles Rendus, v. 196, 1933, p. 1976-9. Gives an ex- 
pression for the magnetization and susceptibility of iron under the condition of a 
superposed a-c field on a constant field. 


117. S. S. Sidhu, Indian Jl. Phys., v. 8, 1934, p. 451-67. Develops new 
formulas for the hystersis loss with superposed direct-current for commercial 
silicon steel and nickel-iron alloys. These are derived from experimental data. 


118. Edel-Agatha Neumann, Zeits. f. Physik, v. 88, No. 9-10, 1933, p. 619-31. 
Discusses the existence of so-called “‘after effect” in the hysteresis loop at high 
inductions developing from a-c magnetization. 


119. H. Neumann, Wiss. Veroff. a. d. Siemens-Konzern, v. 13, No. 3, 1984, p. 
10-30. Gives a method of obtaining constant maximum permeability in a 
magnetic circuit by mixing different magnetic materials. 


120. M. Kersten, Zeits. f. techn. Physik, v. 15, No. 7, 1934, p. 249-57. 
cusses new magnetic powder materials called ‘‘isoperms.”’ 


121. O. Dahl and J. Pfaffenberger, Zeits. f. techn. Physik, v. 15, No. 3, 1934, 
p. 99-106. Compare the magnetic properties of ‘‘isoperms’”’ with soft iron and 
nickel-iron alloys, with reference to their use in telegraphy. 


122. O. Dahl and J. Pfaffenberg, Zeits. f. Metallkunde, v. 25, 1933, p. 241-4; 
dise. p. 245. Discusses the properties and effect of different alloying ele- 
ments on “‘perminvars”’ and ‘‘permalloys.”’ 


123. W. Arkadiew, #.N.T., v. 10, 1933, p. 220-2. Gives a mathematical 
treatment dealing with curves and calculations of permeability and hysteresis 
loss in thin laminas. 


124. W. Arkadiew, Phys. Zeits. d. Sowjetunion, v. 3, No. 1, 1933, p. 1-28. 
Gives formulas and curves for the calculation of the permeability and hysteresis 
loss in ferromagnetic laminas for various frequencies. 


125. M. Kersten, Wiss. Veroff. a. d. Siemens-Konzern, v. 13, No. 3, 1934, p. 1-9. 
Discusses the effect of copper on the shape of the magnetization curve of cold- 
rolled iron-nickel-copper alloys. 


126. B. Hague, E.u.M., v. 51, 1933, p. 208-11. Discusses the magnetic 
properties of “‘hipernik,’’ ‘‘permalloy,’’ and ‘“‘mumetal,’’ and their application 
to modern current transformers. 


127. F. Stablein, Zeits. f. techn. Physik, v. 13, No. 11, 1932, p. 532-4. De- 
scribes apparatus and gives experimental results on the measurement of the 
coercive force of iron-nickel alloys and data on the effect of the addition of 
silicon. 


128. K. W. Grigorow, Phys. Zeits. d. Sowjetunion, v. 3, No. 4, 1933, p. 418-20. 
Offers data on magnetic properties of electrolytically deposited films of iron and 
the effect of heat treatment on these properties. 


129. W.E. Ruder, Am. Soc. for Metals Trans., v. 22, 1934, p. 1120-31. Dis- 
cusses the influence of grain size on magnetic properties and includes some data 
on the hysteresis loss in single crystals and the effect of grain orientation on 
magnetic properties. 


130. New development in Electrical Strip Steels Characterized by Fine Grain 
Structure Approaching the Properties of Single Crystals, N. P. Goss. Advance 
Paper No. 30, presented at the October 1-5, 1934 meeting of the American 
Society for Metals. Announces a new magnetic sheet having exceptionally 
good magnetic properties in the direction parallel to rolling. 


Dis- 


XIV—-PERMANENT MAGNET MATERIALS 


K. Honda, H. Masumoto, and Y. Shirakawa, Tohoku Univ. Sci. Reports, 
v. 23, 1934, p. 365-73. In English, Report No. 325 of the Res. Inst. for Iron, 
Steel and Other Metals. Give a summary of the composition and magnetic 
properties of recently developed permanent magnet steels, including data on a 
new steel having very high coercive force and called “‘new K. S. magnet steel.’ 


132. A.T.M., v. 3, T. 56, 1934. A discussion is given of the properties of 
Mishima permanent magnet steel (a Ni-Al-Fe alloy) as compared with the 
older, better known permanent magnet steels. 


131. 


133. W. Elenbaas, Zeits. f. techn. Physik, v. 14, No. 5, 1933, p. 191-7. De- 
velops formulas and methods of designing permanent magnets. 
134. R.L. Dowdell, Am. Soc. for Metals Trans., v. 22, 1934, p. 19-30. Pre- 


sents an investigation of the treatment of steel for permanent magnets. 


XV—LirTInGc MAGNETS 


135. E. Jasse, E.u.M., v. 50, 1932, p. 617-290. 
vestigation of lifting magnets, neglecting leakage. 


Describes an analytical in- 
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136. E. Jasse, £.u.M., v. 51, 1933, p. 8-10. Describes an analytical in- 


vestigation of lifting magnets including leakage. 


XVI—HIGH FREQUENCY MAGNETIC PROPERTIES 


137. K. Kreielsheimer, Ann. d. Physik, v. 17, No. 3, 1933, p. 293-332. Gives 
data on the magnetic permeability of iron wires in the wave length region of 46 to 
1,000 meters for H values from 0 to 12 oersteds, using a bridge method. 


138. W. Arkadiew, Zeits. f. Physik, v.79, No. 7-8, 1932, p. 558-61. Reviews 
the results of a number of investigations on the anomalous behavior of perme- 
ability at high frequencies. 


139. J. B. Hoag and H. Jones, Phys. Rev., v. 42, 1932, p. 571-6. Present 
data on the initial permeability of iron at ultra high radio frequencies. From 
64 to 22 centimeter wave lengths, there is shown a decreasing effective initial 
permeability with decreasing wave lengths. 


140. J. Miiller, Zeits. f. Physik, v. 88, No. 3-4, 1934, p. 143-60. Describes a 
thermal method of measuring the high frequency resistance of wires and_gives 
permeability data for wave lengths between 4 and 10 meters. 


141. R. Sanger, Helv. Phys. Acta, v. 7, No. 5, 1934, p. 478-80. Discusses the 
dependence of permeability of iron, nickel, and cobalt wires on frequency, 
showing a decrease of permeability at very high frequencies of the order of 10 to 
100 centimeter wave lengths. 


142. KF. M. Colebrook, Dept. Sci. and Indus. Res, Pub., Special Report No. 14, 
1934. Gives a very complete survey of commercial materials for use at radio 
frequencies, and includes a very good bibliography. 


143. P.K. Taylor, I.R.E. Proc., v. 22, 1934, p. 886-96. Discusses the action 
of high frequency a-c magnetic fields on suspended magnetic rings and offers a 
method of measuring the intensity of high frequency magnetic fields as a function 
of torque. 


XVII—MacGnetTic SKIN EFFECT 


144. E. Hinze, Ann. d. Physik, v. 19, No. 2, 1934, p. 143-54. Considers the 
theory of skin effect in ferromagnetic circular cylinders under the influence of 
weak alternating fields, dealing with both permeability and hysteresis losses. 


XVIII—MAGNETIC OsEe 


145. L. A. Welo and O. Baudisch, Phil, Mag., v. 17, 1934, p. 753-68. Dis- 
cuss the ferromagnetism in gamma ferric oxide and include some data on the 
effect of temperature. 


146. H. Forestier and G. Guiot-Guillain, Compiles Rendus, v. 199, 1934, p. 720-3. 
Give data on the magnetic properties of various ferric oxides including the effect 
of heating at various temperatures and for different lengths of time. 


XIX—HEUSLER ALLOYS 


147. O. Heusler, Zeits. f. Metallikunde, v. 25, 1933, p. 274-7; disc. p. 277-8. 
Deals with the crystal structure and ferromagnetism of Mn-Al-Cu alloys. 


148. O.Heusler, Ann, d. Physik, v. 19, No. 2, 1934, p. 155-201. Deals with 
the crystal structure and ferromagnetism of Mn-Al-Cu alloys, including the 
magnetic characteristics considered as a function of heat treatment, temperature, 
composition, and field strength. 


149. A.J. Bradley and J. W. Rodgers, Roy. Soc. Proc., v. 144, 1934, p. 340-59. 


Present a study of the ferromagnetic properties of Heusler alloys as a function 
of structure for a given chemical composition. 


150. S. Valentiner and G. Becker, Zeits. f. Physik, v. 83, No. 5-6, 1933, p. 371-— 
403. Present studies of the magnetic properties of Heusler alloys as a func- 
tion of composition, temperature, and aging treatment. 


XX—MAGNETIC PROPERTIES OF MINERALS 


151. J. G. Koenigsberger, Beitr. z. angew. Geophys., v. 4, No. 3, 1934, p. 385-94. 
Discusses the remanent magnetism of ferromagnetic minerals as a function of 
geologic age. 

152. G. Grenet, Comptes Rendus, v. 197, 1933, p. 874-5. 
paratus for measuring the magnetic properties of rocks. 


153. G. Grenet, Comptes Rendus, v. 197, 1933, p. 746-8. Discusses the 
theory of ferromagnetic powders and the magnetic susceptibility of rocks. 


Describes an ap- 


XXI—MMAGNETIC PROPERTIES OF THIN FILMS 


154. S. Procopiu and T. Farcas, Comptes Rendus, v. 198, 1934, p. 1983-5. 
Give experimental results and a theoretical discussion of the Curie point as a 
function of the thickness of electrolytically deposited nickel films with an ex- 
planation of the possible cause of variations. ’ 


155. S. Procopiu, Jl. de Physique et le Radium, v. 5, 1934, p. 199-206. Deals 
with coercive force values of thin films of iron with superposed a-c field, con- 
sidering the effect of frequency and gives formulas for the phenomenon. 


156. K. Richter, Kolloid Zeits., v. 61, 1932, p. 208-18. Discusses the elec- 
trical conductivity and other physical properties of thin metallic films as well as 
magnetic properties. 
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XXII—MAGNETIC AGING 


157. An Example of Magnetic Aging, J. Muir. Jl. of the Royal Tech. 
College (Glasgow), v. 3, part 2, January 1934. Gives experimental data on 
the permeability aging of soft steel at fairly high magnetizing forces. 


XXIII—MAGNETIC PROPERTIES IN WEAK FIELDS 


158. H. Wittke, Ann. d. Physik, v. 18, No. 6, 1933, p. 679-700. Gives ex- 
perimental results and a discussion of strongly reversible phenomena in the 
magnetization of ferromagnetic bodies in very low alternating fields. 


159. H. Wittke, Ann. d. Physik, v. 20, No. 1, 1934, p. 106-12. Presents 
further experimental results on quasistatic magnetic cycles in weak fields, ex- 
plaining the results as being due to magnetic ‘‘after effect.” 


XXIV—MacGnetic TESTING OF MATERIALS 


160. E. Thellier, Comptes Rendus, v. 197, 1933, p. 232-4. Describes a 


double astatic magnetometer. 


161. H.N. Otis, Rev. Sci. Instruments, v. 4, 1933, p. 681-3. 
torsion magnetometer for testing thin ferromagnetic specimens. 


162. L. W. McKeehan, Rev. Sci. Instruments, v. 5, 1934, p. 265-8. De- 
scribes a modification of the pendulum magnetometer making it suitable for the 
study of small ferromagnetic specimens. 


163. J. Sugiura, Electrotech. Lab., Tokyo, Japan, Research No. 354, 1933. 
Describes a new permeameter claimed to have high accuracy, designed particu- 
larly for use with high magnetizing forces. 


164. R.L. Sanford and E. G. Bennett, Bureau of Standards JI. of Research, v. 
10, 1933, p. 567-73. Describe a new apparatus for general magnetic testing at 
high magnetizing forces from 100 to 1,000 oersteds. The apparatus does not 
heat the specimen. 


165. P.C. Hermann, Zeits. f. techn. Physik, v. 14, No. 1, 1933, p. 39-44. De- 
scribes a new method for making magnetic measurements on thin disks of metal. 
Comparisons are made with other methods of test. 


166. P. C. Hermann, Zeits. f. techn. Physik, v. 13, No. 11, 1932, p. 541-9. 
Discusses a new apparatus for making magnetic tests on thin strips of material 
using both direct and alternating current. 


167. C. Dannatt, Jl. Sci. Instruments, v. 10, 1933, p. 276-85. 


Describes a 


Describes a 


new method of making magnetic loss tests on single strip specimens. Discusses 
the errors due to harmonics. 
168. H. Kithlewein, Zeits. f. techn. Physik, v. 14, No. 8, 1933, p. 314-16. Gives 


2 methods for the investigation of the magnetic properties of high permeability 
material in the form of laminated rings. By means of the second test, the Curie 
point may be determined. 


169. R. Jouaust, Soc. Franc. Elec. Bul., v. 3, 1933, p. 885-90. 
accuracy of the Epstein method of measuring core losses. 


170. B.R. Isaacs, Electrician, v. 109, 1932, p. 679-81. Describes a method 
of testing an iron sample magnetically and deals with the construction of the 
magnetic circuit. 


171. G. Keinath, Physik, v. 1, No. 1, 1933, p. 21-40. Gives a survey"of 
modern instruments and methods available for magnetic and electrical measure- 
ments, 


172. B. Hague, Congres Intl. d’Electricite, Paris, Sec. 3, Rapport No. 7, 1932. 
Offers a review of the available methods for measuring the distribution of the 
magnetic field in electrical machinery and other apparatus. 


173. A. P.M. Fleming, Jl. I.E.E., London, v.73, 1938, p. 591-5. Reviews 
the subject of electrical measurements and their relation to the technical prog- 
ress of industry, including data on modern methods of testing magnetic ma- 
terials. 


174. W. Thal, A.T.M., v. 3, 1934, T. 78-9. Discusses the accuracy of 
various methods of determining the magnetic properties of magnetic materials 
and includes some information on the effect of inhomogeneities on the accuracy of 
measurement. 


175. S. Procopiu and N. Florescu, Jl. de Physique et le Radium, v. 4, 1933, p. 
251-61. Deal with the demagnetization of iron, steel, and nickel wires of 
various diameters and for a wide range of frequencies from 50 to 1,000,000 
cylees per second. 


Discusses the 


176. A. W. Smith, Jl. Sci. Instruments, v. 3, 1932, p. 626-31. Discusses a 
reversing and short-circuiting switch for use in making hysteresis measurements. 


avce ieee Johnson and W. B. Nottingham, Rev. Sci. Instruments, v. 5, 1934, p. 
191-2. Describe a suspension for instruments which provides a constant 
level and protection from small vibrations. 


178. H. Neumann, A.T.M., v. 3, 1934, T. 67-8. Discusses a number of 
methods of measuring magnetic potential by means of search coils. 


179. J. L.Snoek, Physica, v. 1, 1934, p. 649-54. Calculates the demagnetiza- 


ae factors for thin cylinders of small dimension ratio and checks the calculations 
y test. 


180. E. A. Neumann and J. Pfaffenberger, Arch. f. Elekirotech., v. 27, 1933, p. 
287-94. Discuss a method of making iron loss measurements on small 
ring samples using a synchronous rectifier and meter for flux measurements and 


a wattmeter for determining the losses. This method makes possible the use of 
small samples. 


181. M. Knoll and W. Kleen, A.T.M., v. 3, 1934, T. 14. Describe 2 method 
of obtaining hysteresis cycles by means of the cathode ray oscillograph. 
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182. P. Bricout and R. Salomon, Comptes Rendus, v. 199, 1934, p. 529-31. 
Describe the use of the cathode ray oscillograph for a study of the magnetiza- 
tion of ferromagnetic substances primarily for the purpose of detecting differ- 
ences in steels of the same composition with slightly different heat treatments. 


183. O. v. Auwers, Zeits. f. techn. Physik, v. 14, No. 8, 1933, p. 316-19. De- 
scribes a photographic method for recording magnetic flux changes using a 
special type of galvanometer. 

184. W.B. Ellwood, Rev. Sci. Instruments, v. 5, 1934, p. 300-5. Describes a 
resonance ballistic galvanometer of very high sensitivity operated in a vacuum 
for use in magnetic flux measurements. 


185. E. W. Golding, Electrician, v. 111, 1933, p. 503-5. Discusses the Gras- 
sot fluxmeter and its advantages over the ballistic galvanometer for magnetic 
measurements. 


XXV—MAGNETIC FIELDS— 
DETERMINATION OF STRENGTH 


186. H. Auer, Ann. d. Physik, v. 18, No. 6, 1933, p. 613-25. Describes an 


absolute method of making magnetic field measurements. 


187. H. Buchner, Phys. Zeits., v. 35, 1934, p. 409-10. Describes a method of 
measuring the magnetic field strengths using a small aluminum cylinder con- 
trolled by a spring. 

188. H.S. Jones, Rev. Sci. Instruments, v. 5, 1934, p. 211-14. Discusses a 
method of measuring the intensity of magnetic fields by means of a small spring- 
suspended coil, carrying a variable current which is a measure of the field 
strength. 


189. S.E. Forbush, Terr. Mag., v. 39, 1934, p. 135-43. Discusses devices for 
measuring the changes in the horizontal intensity of the earth’s magnetic field. 


190. L.F. Bates, Phys. Soc. Proc., v. 45, 1933, p. 180-92; disc. p. 193. De- 
scribes a new method for measuring the vertical and horizontal components of 
the earth’s magnetic field using a “‘mumetal”’ cylinder carrying a fine wire wind- 
ing. 


XXVI—MacneTIC ANISOTROPY 


191. A. Schigadlo and S. Sidelnikov, Phys. Zeits. d. Sowjetunion, v. 5, No. 5, 
1934, p. 714-21. Consider the crystal orientation of cold-worked material 
and calculate the hysteresis loss as compared with test results. 


192. A. Drigo, N. Cimento, v. 11, 1934, p. 345-56. Studied the variation in 
permeability of disks of magnetic sheet as a function of orientation. 


XX VII—Low INDUCTION 
Macnetic ‘‘AFTER EFFECTS”’ 


193. E. A. Neumann, Zeits. f. Physik, v. 89, No. 5-6, 1934, p. 308-16. 
cusses reversible magnetic processes and magnetic ‘‘after effect.’’ 


194. R. Goldschmidt, Zeits. f. techn. Physik, v. 13, No. 11, 1932, p. 534-9. 
Discusses the magnetic “‘after effect’’ in weak alternating fields. 


195. P.C. Hermann, Zeits. f. Physik, v. 84, No. 9-10, 1938, p. 565-70. 
cusses the subject of magnetic ‘‘after effect.’’ 


196. R.L. Sanford, Bureau of Standards JI. of Research, v. 13, 1934, p. 371-6. 
Gives data on the magnetic drift at low inductions after demagnetization, show- 
ing that these changes may amount to a considerable percentage. 


Dis- 


Dis- 


XX VIITI—MAGNETIC VISCOSITY 


197. A. Mitkevitch, Comptes Rendus de |’Acad. des Sciences, U.R.S.S., v. 1. 
No. 9, 1934, p. 534-7. Defines magnetic viscosity and gives experimental 
data on thin iron wires for a range of magnetic field strengths. 


198. A. Mitkevitch, Comptes Rendus de |’Acad. des Sciences, U.R.S.S., v. 3, 
1934, p. 425-31. (Same subject as reference 197.) 


XXITX—MAGNETIC ANALYSIS 


199. M. Kersten, Zeits. f. Physik, v. 82, No. 11-12, 1933, p. 723-8. Deter- 
mines the mean internal stresses of a ferromagnetic specimen by measurements 
of remanence. 


200. J. Peltier, Comptes Rendus, v. 198, 1934, p. 566-7. Discusses methods 
of using rotating magnetic fields for the detection of flaws in metals. 


201. ‘R. L. Sanford, Bureau of Standards JI. of Research, v. 10, 1933, p. 321-6. 
Describes a magnetic balance for the inspection of austenitic steel. It is shown 
that corrosion correlates with the magnetic properties. 


202. W. Jellinghaus, Zeits. f. techn. Physik, v. 14, No. 6, 1933, p. 229-30. 
Studies the transformation of austenitic steel by means of magnetic and dilato- 
metric test. 


203. P. Bricout, Comptes Rendus, v. 196, 1933, p. 689-91. Describes mag- 
netic methods for measuring the thickness of plates and the diameter of wires 
where the material has a permeability approximately equal to that of air. 
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XX X—MAGNETIC NOISE 


204. S. J. Mikina, A.S.M.E. Trans., v. 56, 1934, p. 711-20. Describes the 
various modes of vibration of rotating machine frames resulting in magnetic 
noise and considers methods of reducing these effects. 


XX XI—MIScELLANEOUS 


205. P. Chramov and L. Lwowa, Zeits. f. Physik, v. 89, No. 7-8, 1934, p. 433-6. 
Discuss the variation of thermal electromotive force of nickel-copper and iron- 
copper alloys with magnetization and mechanical tension. 


206. R. K. Reber, Physics, v. 5, 1934, p. 297-301. Describes experiments 
on the effect of nascent hydrogen on the magnetic properties of iron. Introduc- 


tion of hydrogen produces magnetic hardening and the possible causes are dis- 
cussed. 


Self Excitation of a 
Frequency Converter 


After a general discussion of the phenome- 
non of self excitation of a-c machines, a 
specific case of 3 phase self excitation of a 
Scherbius machine is treated. Such a ma- 
chine is used in the regulating set of a vari- 
able-ratio frequency converter for inherently 
constant power transfer, the operating fea- 
tures of which are described. Under cer- 
tain conditions this converter may be sub- 
ject to the danger of self excitation. These 
conditions are discussed in detail and 
means are indicated to prevent self excita- 
tion during the normal operation of this con- 
verter. 


By 
OSCAR HESS* 


ASSOCIATE A.1.E.E. 


Simplex Wire and Cable Co. 
Cambridge, Mass. 


| object of this paper is a discussion 
of the probability and the danger of self excitation 
of a Scherbius 3 phase commutator machine as em- 
ployed in a variable-ratio frequency converter, with 
inherently constant power transfer. This and other 
types of variable-ratio frequency converters are used 
as a tie between 2 power systems whenever the power 
transfer has to be independent of the frequencies of 
the systems. They consist of a synchronous machine 
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207. C. E. Wynn-Williams, Roy. Soc. Proc., v. 145, 1934, p. 250-7. De- 
scribes a method of automatically stabilizing the field of an electromagnet using 
photocells. This device will hold the field strength constant to 1 part in 50,000. 


208. A. Kussmann, Zeits. f. Metallkunde, v. 25, 1933, p. 259-66. Deals with 
magnetic methods of research into the constitution of metal, covering paramag- 
netic and diamagnetic material. Discusses the relation between magnetic 
properties, chemical composition, and lattice structure. 


209. A. Kussmann, Zeits. f. Metallkunde, v. 26, 1934, p. 25-33. 
as reference 208, but covering ferromagnetic material.) 


210. WL. Slepian, Phys. Zeits. d. Sowjetunion, v. 3, No. 5, 1933, p. 469-86. 
Discusses from experimental and theoretical standpoints the subject of unipolar 
induction. 


(Same subject 


211. E. J. Irons, Am. Phys. Teacher, v. 2, 1934, p. 113-4. Gives an experi- 
mental determination for the forces of attraction and repulsion between bars. 


connected to one system and an induction machine 
connected to the other system; a regulating set is 
used in conjunction with the induction machine. 
The regulating set ordinarily is composed of a stator 
or rotor-fed a-c commutator machine together with 
its exciting and regulating equipment to change the 
electromotive force of the commutator machine prop- 
erly in phase and magnitude. Various schemes of 
using the commutator machine to control the fre- 
quency converter are used, but the one to which 
particular attention is given in this paper is de- 
signed so that the power transfer within the operat- 
ing range is inherently constant, a Scherbius machine 
being used for control. 

The principal conclusions which may be drawn as a 
result of the study presented in this paper are as 
follows: 


1. The Scherbius machine used in a variable-ratio frequency con- 
verter for inherently constant power transfer as proposed by Seiz 
may be subject to 8 phase self excitation. 


2. Because of the relatively low self-excited rotor frequency and the 
correspondingly high rotor currents self excitation must be pre- 
vented. 


3. The danger of self excitation decreases among other things with a 
reduction of the induced electromotive forces in the field circuits of 
the exciter of the Scherbius machine, increasing short-circuiting 
effect of the network, increasing ohmic component of the load im- 
pedance, and increasing leakage inductance of the Scherbius machine. 


4. A self-excited field in the Scherbius machine may, in principle, 
rotate in either direction. There are, however, usually external con- 
ditions which cause 1 of the 2 to be preferred. 


5. If the frequency changer ampere turns are relatively high, the 
sense of rotation is primarily determined by the direction of power 
flow during normal operation. The sense is such that the frequency 
ampere turns have a component in phase with the slip ring ampere 
turns. 


6. If the frequency changer ampere turns are small, the field ro- 
tates in such a direction that the rotor of the induction machine 
covers part of the losses of the rotor circuit. This is dependent 
upon the self-excited stator frequency being below the network fre- 
quency. Self excitation will, therefor, preferably be supersyn- 
chronous (sense of rotation of rotor field during self excitation 
equal to that during normal supersynchronous operation). 


7. The self-excited Scherbius machine may operate as a generator or 
as a motor if it only provides the magnetizing power for the self- 
excited circuits. The larger part of the active power during self 
excitation is drawn from or delivered to the shaft of the induction 
machine. The remainder is supplied or absorbed by the network 
and the Scherbius machine. 


The various phases of the problem for self excita- 
tion of a frequency converter for inherently con- 
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stant power transfer will be treated in this paper in 
the following order: 

1. Self excitation of commutator, particularly Scherbius, machines. 
2 <A variable-ratio frequency converter with inherently constant 
power transfer. 


3. The problem of self excitation of this converter. 


SELF ExcITATION OF COMMUTATOR 
MACHINES IN GENERAL 


An electric machine is called self excited if a volt- 
age, assumed to exist across its terminals, supplies to 
its field circuits a magnetizing power sufficient to 
maintain this voltage. If the field does not vary 
with time, the magnetizing power is equal to the 
ohmic losses of the field circuits. An example of 
such a machine is the self-excited d-c generator. 
Should it be desired, however, that self excitation 
occur with alternating current, both the active and 
the reactive magnetizing power have to be supplied 
by the self-excited machine. As the reactive power 
causes the field current to lag behind its supply volt- 
age, means have to be provided to compensate this 
phase difference. Unless this is done, a-c self excita- 
tion will not occur. Thus, a-c self excitation of the 


Fig. 1. Three phase diagrams of a 
Scherbius machine 


a—Three phase diagrams of electromotive force 
(flux), field current, and ampere turns 


b—Schematic circuit diagram of a shunt excited 
Scherbius machine during 3 phase self excitation 


c—Three phase diagrams of field and load cur- 
rents and ampere turns of a shunt-excited coun- 
ter-compounded and inductively loaded Scher- 
bius machine during 3 phase self excitation 


FIG. 1b 


normal d-c generator is impossible because a given 
terminal voltage would not produce a current of the 
proper phase to sustain this voltage. Only by in- 
serting into the field circuit capacitance great enough 
to compensate the inductive voltage drop at a given 
frequency could a-c self excitation be rendered pos- 
sible. (For reasons not directly connected with this 
such a machine would have to be built with lami- 
nated iron and a compensating winding in the stator.) 
This is an obvious result if it is remembered that a-c 
self excitation is equivalent to the generation of un- 
damped oscillations. Without the help of capaci- 
tance or its equivalent, the field of a single phase 
commutator machine running at constant speed 
could not periodically lose and regain its energy 
because no other energy store for the magnetic energy 
is available. 

In the case of a 2-phase or 3-phase commutator 
machine, a-c self excitation is not dependent upon 
capacitance. Ruedenberg! has shown that the oscil- 
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lations of a self-excited 3-phase shunt commutator 
machine consist of a periodic transfer of the mag- 
netic energy from one phase to another. A similar 
example is the self-excited Scherbius machine, as 
described by Hull,? to which reference will be made 
later in this paper. 

Once the conditions for self excitation are satis- 
fied, it usually starts due to some impulse, e. g., elec- 
trical or mechanical transients or residual magne- 
tism. Voltage and current will then rise until the 
saturation of the magnetic paths prevents a further 
increase. For this reason self excitation is unde- 
sirable, often even very dangerous whenever a ma- 
chine is not primarily intended to be a self-excited 
generator. ; 


SELF ExCITATION OF A SCHERBIUS MACHINE 


After this general discussion the conditions for self 
excitation of a Scherbius machine will be treated. 
This will be preceded by a short description of the 
machine itself. 

The stator of the Scherbius machine has salient 


FIG. 1a 


main poles, 120 electrical degrees apart, with auxili- 
ary poles in between. In addition it is provided 
with a compensating winding to counteract exactly 
the ampere turns of the rotor winding. Its rotor re- 
sembles that of a d-c machine, but differs from it by a 
winding pitch and a distance between brushes of 
120 instead of 180 electrical degrees. The rotor 
electromotive force is induced by rotation only. 


In his paper on a self-excited Scherbius machine > 
Hull’ has shown that such a machine is capable of 


1. For all numbered references, see list at end of paper. 
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operating as a self-excited 3-phase generator if, 
besides a sufficiently low field resistance, the ampere 
turns of a given pole Jead the field current, flowing 
through the brushes under this pole, by the same 
angle a by which this field current lags the electromo- 
tive force induced under this pole. Expressed in other 
words the lagging in time of the field current has to 
be compensated by a leading in space of the axis 
of the field windings. By these means a self-excited 
field in the Scherbius machine is forced to rotate in 
space. As an illustration figure la shows the 3 
phase diagrams of flux ¢, electromotive force E, field 
current J and ampere turns § of a self-excited Scherbius 
machine. Figure 1b gives a schematic diagram of its 
rotor and field circuits and the magnitude of flux and 
field currents for the instance when the flux through 
pole 1 is at its maximum. The above-mentioned 
phase angle a is assumed to be 30 degrees. In order 
to bring the total ampere turns of pole 1 in phase with 
the flux ¢1, it is necessary to excite pole 1 not only 
by the field current J; (J; and ampere turns 5; lag- 
ging E, and ¢, by 30 degrees) but also by current J, 
producing the ampere turns —,. If the number of 
turns of these 2 windings is equal, 5, will lead 5,, by 
30 degrees, i. e., §, and ¢; are in phase. 

If the angle a is reduced to zero, i. e., each pole is 
excited only by a field current flowing through 
brushes under this pole, only d-c self excitation is 
possible because for no other but zero frequency 
could J; and Fi, i. e., 5 and ¢; be in phase. It is, 
however, obvious that even with only one shunt 
winding per pole, 3 phase self excitation is possible as 
long as another current of the proper frequency and 
phase flows through a second winding on this pole. 
If it should be sufficient that self excitation occurs 
only under load, it is always possible to send the 
load current through a proper compound or anti- 
compound winding and compensate for the lagging of 
the ampere turns 5. As an example of such an ar- 
rangement figure lc shows the 3 phase diagrams of 
the field currents J, inductive load currents Jz, and 
ampere-turns § of the Scherbius machine if each pole 
is excited only by currents flowing through the 
brushes under this particular pole. As will be seen 
later, these are the fundamental conditions of self 
excitation of the Scherbius machine as used in a 
frequency converter to be described. 

It is of interest to conclude from figure lc that for a 
given compound winding self excitation is only pos- 
sible if the phase angle between the load current 
and the electromotive force of the Scherbius ma- 
chine remains within a certain range. Outside of 
this range self excitation cannot occur. For instance, 
for an inductive load it is only possible with an anti- 
compound winding. 


A VARIABLE-RATIO FREQUENCY CONVERTER 
WiTH INHERENTLY CONSTANT POWER TRANSFER 


Before describing the principle and the main 
operating features of this converter (the possibility of 
self excitation of which will be discussed later in this 
paper) a short account of variable ratio frequency 
converters in general will be given. They are used 
as a flexible tie between 2 power systems to transfer— 
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within the operating range of the converter—an arbi- 
trary, often constant amount of power independently 
of the frequencies of the 2 systems. 

The converters consist of a synchronous machine 
connected to one system and an induction machine 
with its regulating set connected to the other system. 
With few exceptions the regulating set is composed of 
a stator or rotor-fed a-c commutator machine and its 
exciting and regulating equipment. 

The commutator machine introduces into the rotor 
circuit of the induction machine an electromotive 
force which together with its rotor electromotive 
force covers the voltage drop of the desired rotor 
current. By properly changing the electromotive 
force of the commutator machine any rotor current 
for any slip—within the operating range of the set— 
can be obtained. 

The manner, now, in which this electromotive force 
is changed with varying slip, i. e., in which the field 
of the commutator machine is controlled gives rise to 
a large variety of connection diagrams of variable 
ratio frequency converters. Two main groups may 
be distinguished. In the first group the field is con- 
trolled by an automatic load regulator, which changes 
the field voltage of the main commutator machine in 
magnitude and phase, e. g., by varying independently 
the currents through 2 field windings, perpendicular 
to each other, of a small synchronous machine or by 
shifting the brushes of a frequency changer, also 
called ohmic drop exciter. (The frequency changer 
consists of a d-c rotor revolving inside of a closed 
magnetic path with slip rings tapped to the armature 
and connected to the 3 phase supply. On the com- 
mutator slide sets of brushes, e. g., 2, the brushes of 
each set being 120 degrees apart. The desired volt- 
age is obtained by shifting the 2 sets against each 
other and jointly with respect to the frame of the 
machine.) This type of control is in exclusive use in 
the United States and has been described in several 
papers.®**6 

The excitation of the commutator machine in the 
second group is designed in such a way that the power 
transfer within the operating range is inherently 
constant. The first converter of this kind, with a 
Scherbius machine as the main commutator ma- 
chine, is due to Seiz.”® The principle, however, is 
not restricted to stator fed machines and even for 
these a variety of circuit diagrams has been pro- 
posed.%1011 

The basic idea of the Seiz circuit is to neutralize 
completely the slip ring voltage of the induction 
machine for any operating slip by one electromotive 
force component of the commutator machine, i. e., 
to prevent any rotor current from flowing and then, 
by a second component, to introduce the necessary 
voltage for the desired rotor current. 

A typical circuit diagram of this converter is shown 
in figure 2. In this figure, 1 and 2 are the synchron- 
ous and induction machines connected to their re- 
spective systems; 3 the commutator machine, and 4 
the frequency changer with its transformer 5; 6 and 
7 are resistances; and 8 an exciter driven by the 
motor 9. This exciter is a small Scherbius machine 
with a powerful counter-compound winding of such a 
magnitude that the resultant ampere turns of the 


1361 


Fig. 2. Connection diagram of a frequency con- 
verter for constant power with exciter 


f—-Stator current of the in- 
duction machine 

l-—Rotor current of the in- 
duction machine 
/,—Armature current of the 
commutator machine 

Is—Slip ring excitation cur- 
rent 

/;—Frequency changer exci- 
tation current 

ls—Field current of the com- 
mutator machine 


41—Synchronous machine 
9—Induction machine 
3—Commutetor machine 
4—Frequency changer 
5—Auxiliary transformer 
6—Resistance in the slip ring 
excitation circuit 
7—Resistance in 
quency changer 
circuit 

8—Exciter 
9—Motor of the exciter 


the fre- 
excitation 


exciter are only a fraction of the anti-compound and 
field ampere turns. It acts as current amplifier and 
serves the reduction of the field losses, but is not 
essential for the understanding of the operation of the 
converter. 

The 2 electromotive force components of the com- 
mutator machine mentioned above are produced by 
the field circuits shown in figure 2 as resistances 6 
and 7. Both circuits are essentially ohmic. The 
currents in the resistances and the corresponding 
rotational voltages of the commutator machine are 
therefore approximately proportional to and in phase 
with the exciting voltages, i. e., the slip ring and fre- 
quency changer voltage, respectively. The first 
electromotive force component of the commutator 
machine, neutralizing the slip ring voltage of the 
induction machine, is produced by the circuit con- 
nected to these slip rings (slip ring circuit). The 
other component is proportional to the current in the 
circuit connected to the frequency changer (fre- 
quency changer circuit). In order to make the ro- 
tor current essentially independent of secondary in- 
fluences, like brush drop, speed, and slight saturation 
of the commutator machine or leakage reactances in 
the rotor circuit, the commutator machine has a 
counter-compound winding. 

The power transfer of the converter is changed by 
known methods, e. g., shifting of the brushes of the 
frequency changer. For a given position of these 
brushes the power transfer of the converter is com- 
pletely defined. 

In order to facilitate the later discussion, the volt- 
age, current, and ampere turns diagrams of the con- 
verter are given in figure 3 for subsynchronous gen- 
erator operation of the induction machine. The ro- 
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tation of the field in these diagrams is counterclock- 
wise, the ratio of the number of turns of the stator 
and rotor windings is unity, all reactances are calcu- 
lated for the primary frequency f; and iron losses are 
neglected: the stator electromotive force E, (figure 
3a), lagging the flux ¢ by 90 degrees, minus the volt- 
age drop I\(R, + jX1) gives the primary terminal 
voltage V;. The primary and secondary currents I; 
and J, (figure 3b) result in the magnetizing current 
Ip, assumed to be in phase with the flux ¢. In fig- 
ure 3c the rotor electromotive force E,-s, lagging 90 
degrees behind ¢, minus the voltage drops in the rotor 
circuits of the induction and commutator machines 
I, (Re + jX0S) + I;(R3 -- jX3'S) plus the voltage 
E;,, induced in the anti-compound winding of the 
commutator machine, are compensated by its elec- 
tromotive force E;. (The voltage E;, lags the stray 
electromotive force — 71;X3-s by the same angle as 
that by which the resultant ampere turns 5; (figure 
3e) lag the anti-compound ampere turns 53. Es. is 
proportional to the flux of the commutator machine 
and the rotor frequency fo, i. e., roughly propor- 
tionally to f,?.) In figure 3d the current J; of the 
commutator machine leads the rotor current I, be- 
cause J; is the sum of the partially inductive current 
I, and the essentially ohmic field current J;. The 
ampere turns $3 in figure 3e are in phase with E; 
(and ¢3) and the resultant of the field ampere turns 
§, and the compound ampere turns §;, (in phase 
opposition to Js). 

The remaining diagrams, figures 3f to 32 refer to 
the exciter. The electromotive force E, (figure 3f), 
induced by the flux ¢; in the field winding of the 
commutator machine and lagging ¢3; by 90 degrees, 
minus the voltage drops in this winding and the ex- 
citer Ig (Ry + 7X45 + Rg + jX¢-5) is equal and op- 
posite to the rotational electromotive force Ex, of the 
exciter. Es, as E;,, is roughly proportional to the 
square of the rotor frequency. (The electromotive 
force induced in the anti-compound winding of the 
exciter is neglected.) The ampere turns to produce 
E; are Ss (figure 3g). They are in phase with E, and 
the sum of 5%, $, and S:. %,_ is the ampere turns 
produced by the field circuit connected to the slip 
rings of the induction machine (slip ring field) to 
compensate the slip ring voltage and $; by that con- 
nected to the commutator of the frequency changer 
(frequency changer field) to cause the desired rotor 
current to flow. $s is the anticompound ampere 
turns of the exciter; it is almost equal and opposite 
to the sum of S and 5;. (It is of interest to point 
out that, because of the strong anticompounding of 
the commutator machine and the exciter, the am- 
pere turns S, and &, of the latter correspond—roughly 
at least—to the ampere turns 5; and —S53, of the 
former.) Figures 3h and 3: finally give the voltages 
in the 2 exciter field circuits. They are the simple 
diagrams of a slightly inductive circuit with the 
modification that the electromotive forces E; and 
E;, induced by the main flux ¢5 of the exciter in the 
respective field windings, lead the negative inductive 
voltage drops of the field currents J, and J; by the 
same angle as that by which the resultant ampere 
turns $s lead the ampere turns $s and $7. The elec- 
tromotive forces E, and E; are proportional to E3-fo, 
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i. e., they increase roughly with the third power of the 
rotor frequency. 

From these diagrams it may be seen that for direct 
coupling of the commutator and induction machines 
and constant primary voltage and frequency there are 
a number of factors which prevent the rotor current, 
i. e., the active and reactive power of the induction 
machine from being entirely independent of the slip. 
The more important ones are the induced electro- 
motive forces —7I,Xo-5, —713X 3-S, Exe, E, —= qs 
(X4 + X3)-S, E; = 1X 6S and E, — X75, the de- 
pendence of E; upon the speed of the commutator 
machine for constant ¢; and finally the saturation of 
the commutator machine. 

These influences have been discussed in detail in 
other papers.*’!” Suffice it here to state that their 
combined influence (saturation excepted) causes, for 
subsynchronous speed, the generator power of the 
induction machine to increase and the motor power 
to decrease, for supersynchronous speed the genera- 
tor power to decrease and the motor power to in- 
crease and for subsynchronous and supersynchronous 
speeds the reactive volt-amperes to increase in the 
sense of overexcitation. In the same papers it was 
shown that by means of auxiliary circuits it is pos- 
sible to very considerably reduce or almost compen- 
sate the effect of these disturbances. If the auxil- 
iary circuits are omitted and still a close control of the 
power transfer is demanded, automatic load regula- 
tors are required to act as corrective devices. 


THE PROBLEM OF 
SELF EXCITATION OF THIS CONVERTER 


As an introduction a short qualitative account will 
be given. This is facilitated by 2 facts. First, the 
exciter 8 in figure 2 is essentially only a current am- 
plifier. Its existence can therefore be neglected. 
Second, as calculations of typical cases have shown, 
the self-excited frequency—if self excitation be pos- 
sible—-is usually of such a magnitude that the net- 
work of the induction machine is virtually a short 
circuit for the self-excited voltages. The load of the 
self-excited Scherbius machine is therefore essentially 
inductive (as will be seen, roughly, the short circuit 
impedance of the induction machine and the net- 
work) and because of the low self-excited primary 
voltage of the induction machine, which is also the 
supply voltage of the frequency changer, the ampere 
turns produced by the frequency changer circuit 
may be neglected.. The Scherbius machine is thus, 
as an approximation, inductively loaded, anticom- 
pounded and shunt-excited. As it was shown in the 
first part of this paper that such an arrangement is 
capable of 3 phase self excitation, it can be concluded 
that self excitation of the Seiz converter is possible in 
principle. Whether it actually will occur, depends 
upon the sum of all available ampere turns being 
equal or larger than the required ampere turns. 

If self excitation does occur, the rotor current of the 
Scherbius machine will increase to a multiple of its 
rated current because of the relatively low load im- 
pedance. Dependable operation of the converter is 
therefore only possible if the danger of self excitation 
during normal operation is definitely eliminated. 
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Means to do this may be derived from an analysis of 
the different ampere turns contributing to self excita- 
tion. 

A convenient way of doing so is to retain for the 
actual converter the picture of a shunt excited, in- 
ductively loaded commutator machine. The am- 
pere turns of the commutator machine and the exciter 
may then be combined and represented for constant 
flux of the Scherbius machine as components of its 
resultant ampere turns. As some of these vectors 
depend upon the load current, it is first necessary to 
determine the load impedance. 

It was already pointed out that the self-excited 
rotor frequency is usually a multiple of the normal 
rotor frequency (around 5 to 10 cycles per second). 
The self-excited stator frequency differs therefore 
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Fig. 3. 
diagram of a frequency converter for constant power 
with exciter 


Voltage, current, and magnetomotive force 


a—Voltage diagram of the stator of the induction machine 

b—Magnetomotive force diagram of the induction machine 

c—Voltage diagram of the rotor circuit of the induction 
machine 

d—Current diagram of the rotor circuit of the induction 
machine 

e—Magnetomotive force diagram of the commutator machine 

f—Voltage diagram of the field circuit of the commutator 
machine 

g—Magnetomotive force diagram of the exciter 

h—Voltage diagram of the slip ring excitation circuit of the 
exciter 

i—Voltage diagram of the frequency changer excitation circuit 

of the exciter 
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enough from the normal stator frequency to make 
the network act nearly like a short circuit to the self- 
excited stator voltage. The load of the Scherbius 
machine is therefore roughly equal to the sum of the 
short circuit impedances of the induction machine 
and the network. Their imaginary part can with 
sufficient accuracy be considered to be proportional 
to the frequency, i. e., the load inductance is con- 


stant. For the real part such a simple relation does 
not exist; a more detailed discussion is therefore 
necessary. 


A self-excited field in the Scherbius machine may 
rotate in either direction unless for specific reason 
one direction is preferred or the only possible one. 
If the field rotates in the same direction as a field 
during normal subsynchronous operation of the in- 
duction machine (subsynchronous self excitation with 
positive rotor frequency f2;), the self-excited stator 
frequency fi; is larger than the normal stator fre- 
quency f;. For negative values of fos, i. e., supersyn- 
chronous self excitation, fi; is smaller than fi. In the 
first case all rotating machines connected to the net- 
work are running considerably below synchronism 
with respect to the self-excited stator frequency and 
act therefore as a motor. In the second case they 
operate above synchronism and act as a generator. 

From these considerations a simple expression for 
the total load resistance R of the Scherbius machine 
can be developed by reducing all resistances to the 
rotor circuit by suitably applying the well-known 
relation that the secondary resistance R, of an induc- 
tion machine is represented in the primary imped- 
ance diagram as R/S = R» fi/f,. Thus, as an ex- 
ample, a stator resistance R, reduced to the rotor 
circuit would become R,/s’ = Ry-fo/f;. It is further 
assumed that all rotating machines of the network 
can be represented by one induction machine (net- 
work machine). The load resistance R is then 
os iy SS (1) 


Ss Ss * SN 


In this expression RK, and R, are the rotor and stator 
resistances of the induction machine, Ry; the stator 
resistance of the network machine including possible 
transmission line resistances and Ry, the rotor re- 
sistance of the former; s; = fis/fos is the inverse of 
the slip of the rotor of the induction machine with 
respect to its self-excited rotational field and sy & 
(fis — fi)/fis the slip of the network machine—for 
simplicity assumed to run in synchronism with f;— 
with respect to the self-excited stator frequency fis. 
As ss and sy are positive for subsynchronous self ex- 
citation and negative for a supersynchronous one, R 
is in the first case larger than in the second case. 
For large values of Ry: and negative values of s, and 
SN een even become negative, though this is un- 
usual. 


DETERMINING SELF EXCITATION 
FROM THE AMPERE TURNS DIAGRAM 


It is now possible to draw the above-mentioned 


ampere turns diagram of the commutator machine by 
combining the properly changed vectors of figure 3. 
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This diagram is shown in figure 4 for the Scher- 
bius machine generating. Because the effect of sub- 
synchronous or supersynchronous self excitation is 
taken into account by the load resistance R, such a 
diagram holds qualitatively for both senses of rota- 


Fig. 4. Ampere turns 
diagram of a Scherbius 
machine with exciter 
during self excitation 


The ampere turns of the ex- 
citer are represented as 
equivalent ampere turns of 
the commutator machine 


The dotted lines give the 
voltages of the armature and 
load circuit of the commu- 
tator machine expressed as 
ampere turns of the com- 
mutator machine 


tion of the self-excited field of the commutator ma- 
chine. 

The voltages in the armature and load circuit of 
the commutator machine are reduced as shown in 
figure 4 by multiplication with the quotient of the 
resultant ampere turns 5; and the electromotive force 
F3 of the commutator machine. The sum of —¥r — 
§, is equivalent to the slip ring voltage. The am- 
pere turns of the exciter have to be reduced in such a 
way that the ampere turns of the slip ring field are 
equal to the ampere turns representing the slip ring 
voltage plus a small correction which is necessary to 
take into account the effect of the ohmic drop in the 
field circuit of the commutator machine. For con- 
venience these ampere turns of the exciter are di- 
vided into 3 groups. The first group is the ampere 
turns ¥;’ and 5,’ proportional to the excitation volt- 
ages proper, i.e., the slip ring and frequency changer 
voltages. The second group is the 2 components of 
the resultant ampere turns of the exciter, one pro- 
portional to the total ohmic drop of the field current 
of the commutator machine Sgr’, the other one, Fsx’, 
proportional to the induced electromotive force in the 
field winding of this machine (the inductive voltage 
drop of the field current is neglected). The third 
group is the ampere turns S¢7’ caused by the voltages 
induced in the 2 field windings of the exciter by its 
main flux (the leakage flux is neglected). This 
group is perpendicular to this flux, which is in phase 
with — Fer! = Fgr’. 

It can easily be shown that for constant flux of the 
commutator machine the following relations between 
the different vectors and the self-excited rotor fre- 
quency and the speed of the commutator machine 
hold. sx’ and $5-x are proportional to the frequency. 
Ser’ is, for a given ratio of flux to resultant ampere 
turns of the exciter, approximately proportional to 


ELECTRICAL ENGINEERING 


Ssx’ and the frequency; it increases, therefore, 
roughly with the square of the frequency. ¢;’ and 
3. decrease with increasing frequency and the lag 
of the latter is increased. By varying the speed of 
_the commutator machine, 5; and §sx’ are not affected 
and S67’ is only slightly affected. All other full 
drawn vectors are strictly or approximately propor- 
tional to this speed. 
The danger of self excitation can now conveniently 
be discussed by dividing the vectors of figure 4 into 2 


Fig. 5. Ampere turns dia- 
gram of a Scherbius machine : 
with exciter during self ex- 7, 
citation and end point curves 
of the vectors 5, and 5, to 
determine the possible danger Y/ 
of self excitation and the 
magnitude of its frequency 


FR 


The solid vectors are for +3 per cent slip, the dotted vectors 
for —3 per cent slip 
The + and — signs at the end point curves of Fr stand for sub- 
‘synchronous (++) and supersynchronous (—) self excitation 
+3 per cent and —3 per cent designate the operating slip of 
the induction machine for which the end point curves are 
drawn 
The arrows point in the direction of increasing self-excited 
rotor frequency 
Note 1—For simplification the end point curves of $1 are 
drawn identical for subsynchronous and supersynchronous self 
excitation 


groups, each group vector starting from point O. 
§, is the difference 5; — 53, and can be considered as 
the ampere turns necessary to produce the assumed 
voltage and current. $;, being the sum of all other 
components, gives the ampere turns which the 
field circuits of the commutator machine and the 
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exciter produce. Self excitation is only possible if 
5 is at least equal to 5;. The question whether self 
excitation is possible or not can therefore be answered 
by plotting the endpoint curves of the vectors %; and 
Fz (see figure 5) for different speeds of the commuta- 
tor machine withiri the operating range of the con- 
verter and for several self-excited frequencies. If 
such a diagram shows 57; to be smaller than 5; for a 
certain frequency for which the end points of 5, and 
Fy ate approximately in line parallel to 53, self ex- 
citation will not occur. 

From this diagram a few interesting conclusions 
can be drawn. The most important ones are as fol- 
lows: 

The danger of self excitation increases with de- 
creasing short circuiting effect of the network, de- 
creasing ohmic component of the load, increasing 
speed of the commutator machine, and increasing 
flux and number of turns of the field windings of the 
exciler 

The self-excited rotor frequency increases with de- 
creasing load inductance and increasing counter- 
compounding of the commutator machine and de- 
creasing ratioof theresultant tothe counter-compound 
ampere turns of the exciter. 

Because of the number of variables it is not feasible 
to state numerically which converter would be self- 
excited and which not. It is, however, usually pos- 
sible by properly applying the above conclusions to 
definitely eliminate the danger of self excitation in 
specific cases. 


SoME Factors AFFECTING SELF EXCITATION 
\ 


Of special interest is the increasing probability of 
self excitation with decreasing load resistance in the 
light of a previous statement that this resistance can 
become negative. As a machine loaded by a nega- 
tive resistance is operating as a motor, the conclusion 
must be drawn that this Scherbius machine can be 
self excited and at the same time operate as a motor 
as long as the reactive load component is inductive. 
This is the more surprising as the load resistance of 
the commutator machine was negative when the 
losses in the network were particularly high. This 
apparent contradiction is easily cleared up when it is 
remembered that for supersynchronous operation of 
the induction machine and generator action of its 
stator the rotational field delivers to its rotor an 
amount of power equal to the stator power times the 
slip. If the stator and therefore the rotor power are 
large enough, all losses in the rotor circuit can be 
covered and in addition a certain amount of me- 
chanical power given off. (For a similar discussion 
see reference 13.) All this power is supplied from 
the shaft of the induction machine and the Scherbius 
machine has indeed to supply only the magnetizing 
power in order to make self excitation possible. 

Of similar interest is the other extreme when the 
network delivers a large amount of power to the 
stator of the induction machine. Because of the 
supersynchronous self excitation fo;/fis times this 
stator power is supplied from the rotor to the rota- 
tional field of the induction machine. Both powers 
appear as mechanical output at the shaft of the in- 
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duction machine. This leads to the apparently para- 
doxical result that the generator output of the Scher- 
bius machine rises with increasing generator output 
of its ‘‘load.”’ 

In this connection it should be pointed out that for 
a strong short-circuiting effect of the network, i. e., 
negligible frequency changer ampere turns, super- 
synchronous self excitation is more probable than 
subsynchronous self excitation. This is so because 
the load resistance R according to equation 1 (pre- 
viously given) is smaller for supersynchronous self 
excitation on account of the negative values of 5s; 
and sy. 

The physical reason for this difference of R is that 
the rotor of the induction machine with its stator 
generating is motoring for subsynchronous self excita- 
tion, and generating for supersynchronous self ex- 
citation. In the second case it is therefore reducing 
the losses to be covered by the Scherbius machine. 

If the frequency changer ampere turns during self 
excitation are relatively large the sense of rotation of 
the self-excited rotor field is determined by the phase 
angle between the frequency changer and slip ring 
ampere turns, i. e., by the direction of the power 
transfer during normal operation. This sense will be 
such that the frequency changer ampere turns have a 
component in phase with the slip ring ampere turns. 
It can be easily shown that with the induction ma- 
chine motoring during normal operation the self 
excitation will tend to be supersynchronous, with the 
induction machine generating subsynchronous. 

_If the induction machine be accidentally discon- 
nected from its network, the load impedance of the 
Scherbius machine becomes high, about equal to the 
no-load reactance of the induction machine and the 
full frequency changer ampere turns are available. 
This will almost certainly produce self excitation. 
The rotor frequency under these conditions is rather 
low and the main fluxes of both the commutator and 
induction machine will probably rise to a very high 
saturation. 

If the circuit breaker at the distant end of a trans- 
mission line should trip, the no-load impedance of the 
induction machine will be shunted by the capacity of 
the transmission line. This wiil increase the load 
inductance of the Scherbius machine and therefore 
decrease the self-excited rotor frequency. As before, 
self excitation is almost certain. It is, however, not 
so dangerous as it seems because it does not occur 
during normal operation. Secondly, normal opera- 
tion could not be resumed before—among other 
things—the frequency changer circuit is adjusted to 
zero power transfer. As changes in the field circuits 
of the commutator machine have to be made any- 
way, it is not unreasonable to provide means which 
will produce these changes automatically in case of 
service interruption in order to stop immediately the 
self excitation of the disconnected converter. 


SPECIAL MEANS OF 
COMPENSATING FOR SELF EXCITATION 


Under certain conditions it is possible that within 


an economical design the danger of self excitation 
cannot be entirely eliminated. In such cases it is 
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necessary to introduce means by which the available 
excitation for the self-excited voltage is automatically 
decreased from its value for the normal frequency. 
According to Seiz this can be achieved by connecting 
a small unloaded induction machine with a large ratio 
of no-load to short-circuit impedance to a suitable 
point of the exciter circuits. Due to its low speed 
and special design it will always revolve virtually in 
synchronism with the normal rotor frequency and 
therefore be nearly a short circuit for any self- 
excited voltage of a frequency usually encountered. 

Another method is to utilize the short-circuiting 
effect of the primary network during self excitation 
to reduce the available ampere turns of the slip ring 
field, which are largely responsible for the danger of 
self excitation of this converter. To this end, part 
of the voltage of the so-called slip ring excitation is 
introduced from the secondary of a small induction 
machine, coupled to the converter, the primary of 
which is supplied through a transformer from the 
primary voltage of the main induction machine.'* 

A third method is to feed an essentially capacitive 
auxiliary field circuit of the exciter from its terminal 
voltage (see page 27 of reference 12). Because both 
the electromotive force induced in the field windings 
of the exciter and the rotational electromotive force 
produced by this auxiliary circuit increase for con- 
stant flux of the commutator machine approximately 
with the square of the frequency, complete compen- 
sation of the electromotive forces induced in the field 
windings for any frequency is indicated. Before 
applying this method, however, it is necessary to 
check whether the auxiliary field current is small 
compared to the current which its ampere turns cause 
to flow in the field circuit of the commutator machine. 
Unless this is so, the auxiliary circuit is of no effect 
because the 2 currents oppose each other in the field 
circuit of the commutator machine. 
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Improvements in 


Communication Transformers 


The rapidly advancing art of electrical 
communication and the increasingly wide 
variety of its applications have required 
marked improvements in the transformers 
used in communication circuits. These 
improvements, achieved partly through 
advances in design and partly through 
improvements in the constituent materials, 
are discussed in this paper. 
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Tue rapid development of the art 
of electrical communication in the last decade has 
necessitated marked improvements in the trans- 
formers used in it. New applications for these 
transformers and the extension of old ones have 
imposed new and far severer performance require- 
ments. The primary applications of communica- 
tion transformers are in the telephone plant, in the 
various voice and carrier transmission circuits, and 
in a multitude of incidental services. 
also wide uses in radio broadcasting transmitters 
and receivers, in the amplifiers of sound motion 
picture equipment, in the radio equipment for air- 
craft, and in a variety of other circuits. 

Although communication and power transformers 
have a common origin, the communication trans- 
former now has evolved as a precision device which 
has only a general resemblance to the usual power 
transformer. Some voice frequency transformers, 
such as those used in aircraft, weigh but 2 or 3 
ounces, yet transmit speech substantially undistorted. 
Some used in program circuits transmit with negligi- 
bly small phase or amplitude distortion all frequen- 
cies from 20 to 16,000 cycles per second. ‘Trans- 
formers also have been developed for transmitting 
narrow bands of frequencies and having associated 
with the normal transformer performance valuable 
frequency discriminating properties. A discussion 
of improvements in these narrow band transformers 
is outside the scope of this paper, which will be con- 
fined to those transmitting wide frequency bands, 
that is, those for which the ratio of upper to lower 
limiting frequencies is at least 10 to 1. 


A paper recommended for publication by the A.I.E.E. committee on communica- 
tion, and scheduled for discussion at the A.I.E.E. winter convention, New York, 
N. Y., Jan. 28-31, 1936. Manuscript submitted Oct. 1, 1935; released for 
publication Nov. 8, 1935. 
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They have. 


The design of the modern communication trans- 
former is based upon extensions of the familiar 
theory of transformers covered in numerous texts. 
However, this type of transformer is a more complex 
device, with its multiplicity of requirements and its 
transmission over a wide frequency range. Its 
proper representation accordingly requires a more 
elaborate equivalent network than the customary 
II or J network. With the use of such a network, 
the performance of the transformer may be corre- 
lated mathematically with its constants in accordance 
with network theory. 


IMPROVEMENTS IN Low FREQUENCY TRANSMISSION 


The great improvements in communication trans- 
formers, particularly at audio frequencies, are largely 
attributable to the invention and application of the 
permalloys as magnetic core materials. For con- 
venience, the term ‘“‘permalloy’’ has been applied to 
a group of nickel-iron alloys containing between 30 
and 95 per cent nickel which have been developed by 
Bell Telephone Laboratories.'?? In addition to 
other desirable magnetic properties, some of these 
permalloys* when properly heat treated yield excep- 
tionally highly initial permeabilities. Asa result of the 
use of these special alloys, telephone transformers may 
be designed to have less loss and distortion over 
wider frequency ranges than has been possible in 
transformers designed without the benefit of use of 
such materials. 

Figure 1 illustrates the excellence of performance 
resulting from the use of a special permalloy con- 
sisting of approximately 4 per cent chromium, 78 
per cent nickel, and the remainder iron, in a trans- 


TRANSMISSION LOSS 
IN DECIBELS 


10 50 100 500 1000 5000 10,000 
FREQUENCY IN CYCLES PER SECOND 
Fig. 1. Transmission-frequency characteristic of a 
transformer utilizing a permalloy core and designed 
to connect a telephone transmission line to a program 
repeater. Transmission loss shown is the loss relative 
to an ideal transformer of the same ratio 


(20 LoGig &2/,) 


VOLTAGE AMPLIFICATION IN DECIBELS 


500 1000 
FREQUENCY IN CYCLES PER SECOND 


5000 10,000 20,000 


Fig. 2. Voltage amplification-frequency character- 
istic of an interstage transformer for a high quality 
program amplifier 
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RELATIVE VOLTAGE AMPLIFICATION IN DECIBELS 


NOTE:—THE RELATIVE AMPLIFICATION IN DECIBELS 
IS 20 LOG|9 ©2/e WHERE €2 IS THE VALUE OF €2AT 
1000 CYCLES. THE RATIO OF €2/; IN DECIBELS 
i.e. 20 LOGIo e2/e, IS 29 DECIBELS 


CURVE | — SPECIAL HIGH~PERMEABILITY 


PERMALLOY 
| CURVE 2— ALLOY OF APPROXIMATELY 
50% NICKEL 
CURVE 3— SILICON STEEL 


5 1006 5000 
FREQUENCY IN CYCLES PER SECOND 


Fig. 3. Curves showing the relative effect of 

different core materials on the voltage amplification- 

frequency characteristic of a small transformer de- 

signed for portable recording apparatus. The com- 

position of the special permalloy is approximately 

4 per cent chromium, 78 per cent nickel, and the 
remainder iron 


30 50 


former designed to connect a telephone transmission 
line to a program repeater. Figure 2 shows the 
voltage amplification characteristic of an interstage 
transformer for a high quality amplifier. As is well 
known,* superimposed direct currents generally de- 
crease the effective a-c permeability of ferromagnetic 
materials. Therefore, to retain the full benefit of 
the permalloy core, an auxiliary circuit was used 
with this transformer for supplying the plate current 
to the preceding tube. Another illustration is a 
transformer designed for use as an input transformer 
(that is, one designed to operate into the grid circuit 
of a vacuum tube) for portable recording equipment 
where light weight is an important consideration. 
The voltage amplification-frequency characteristic 
of this transformer is shown in figure 3. There is 
shown also in this figure, for purposes of comparison, 
the very much poorer characteristic realized when 
an alloy of about 50 per cent nickel as commonly 
used is substituted for the special permalloy. In 
addition, there is shown the efect of using silicon 
steel as core material, which was the practice in 
older transformers. 

An important limitation of high permeability 
alloys is their sensitivity to mechanical strain which 
may seriously impair their magnetic characteristics. 
Considerable care must be exercised to avoid strain 
during assembly operations after laminations are 
annealed. Telephone transformers are designed 
specially to provide a firm assembly without me- 
chanical strain, thereby retaining the high per- 
meabilities available. 


INCREASE IN VOLTAGE AMPLIFICATION 


As may be seen from the foregoing curves, the 
voltage amplification of input transformers at the 
low end of the frequency band is directly dependent 
on the permeability of the magnetic core material. 
At the highest frequencies the voltage amplification 
of the above input transformers is controlled by 
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leakage and capacitances, the latter including grid 
circuit capacitances as well as the transformer dis- 
tributed capacitances. Over a wide range in the 
central part of the frequency band these effects are 
negligible and the transformer performs much as an 
ideal transformer of the same ratio. By proper 
proportioning of the leakage and capacitance effects, 
the shape of the characteristic may be controlled to 
a certain measure at will. For example, a rising 
voltage amplification-frequency characteristic can 
be obtained if desired to correct for a falling charac- 
teristic of other parts of the amplifier. 

In certain types of circuits the voltage amplifica- 
tion of input transformers is at a high premium, such 
as in the amplification of low energy signals when a-c 
power is used for the tubes. Under these conditions 
the tubes tend to introduce appreciable noise. A 
high voltage amplification in the input transformer 
serves to raise the signal voltage at the grid ter- 
minals so as to override the tube noises. Figure 4 
shows that a high amplification, in this instance 
10,000 to 1 in impedance level from a 30 ohm source, 
may be realized without undue restriction in either 
the low or the high frequency transmission. 

Since transformers of this type are located at 
points of very low energy levels, special pains must 
be taken to avoid interference from stray magnetic 
and electrostatic fields. To prevent hum from 
nearby power apparatus, transformers are enclosed 
in cases or shields of high permeability material. 
The interference voltages induced in these trans- 
formers are some 30 or 40 decibels less than in older 
unshielded types of transformers. For higher fre- 
quency interference, effective shielding is obtained 
by cases made of high conductivity material such as 
copper or aluminum. 


REDUCTION IN SIZE AND WEIGHT 


The demand for lightweight equipment for aircraft 
communication and for portable apparatus for testing 
and recording has resulted in the development of 
communication transformers of unusually small size 
and weight. The smaller sizes weigh only 31/, 
ounces and occupy a space of but 3 cubic inches. 
One of these used in aircraft receiving sets is illus- 
trated in figure 5 contrasted with an earlier trans- 
former also for lightweight service. The trans- 
mission loss-frequency characteristics are shown in 
figure 6. The corresponding characteristic of an 
input transformer for similar service is shown in 
figure 7. 


Poe 
Eo 
100 500 1000 
FREQUENCY IN CYCLES PER SECOND 


VOLTAGE AMPLIFICATION IN 
DECIBELS (20 LOG ig &2/e;) 


5000 . 


Fig. 4. Voltage amplification-frequency character- 
istic of an input transformer having an impedance 


ratio of 10,000 to 1 
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. 
EXTENSION OF RANGE TO HIGHER FREQUENCIES 


The effective permeabilities of alloys of high 

initial permeabilities drop rather rapidly with fre- 
quency, a property which lessens the value of such 
alloys in transformers for carrier and higher fre- 
quencies. This effect, which is attributable pri- 
marily to eddy currents, can be greatly decreased, of 
course, by the use of thinner laminations. The use 
of these alloys, however, is limited by the rapidly 
increasing cost of reducing the Jamination thickness 
and the less efficient use of the volume available for 
the core. This dropping off of effective permeability 
with frequency is not so important in audio frequency 
transformers, since there the core characteristics 
limit the transmission only at low frequencies where 
the effective permeability is high. 

At higher frequencies the voltage amplification is 
severely limited also by the grid circuit and trans- 
former capacitances. It has been found advantage- 
ous to add correcting elements, such as inductances 
and capacitances, to increase the gain ordinarily 
available. These added elements and the equivalent 
elements in the transformer are designed together as 
configurations similar to low-pass filter sections 
terminated midshunt in the grid circuit capacitance. 
Figure 8 illustrates the performance of a trans- 
former designed for certain high frequency trans- 
mission experiments. The performance of this 
transformer in the frequency range of 30-500,000 
cycles per second is similar to that of earlier types in 
the range of 30-60,000 cycles per second. 

In most telephone applications the design of input 
transformers is complicated greatly by circuit func- 
tional requirements in addition to those of direct 


Fig. 5. Output transformer A (right) utilizing a 

permalloy core transmits frequencies from 40 to 3,000 

cycles with greater over-all efficiency than the larger 

output transformer B (left) utilizing a core of silicon 
steel (see figure 6) 


transmission. For example, as discussed in a suc- 
ceeding section of this paper, phase distortion re- 
quirements demand self-impedances far higher than 
those required by transmission loss considerations, 
thermal® noise requirements demand lower dissipa- 
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Fig. 7. Voltage amplification-frequency charac- 
teristic of an input transformer similar in size to the 
smaller output transformer shown in figure 5 


tions, and impedance requirements limit the voltage 
amplification obtainable. For feed-back type ampli- 
fiers’ the input transformers in addition to the for- 
ward amplification must meet transmission and 
phase requirements in the regenerative path. These 
special requirements apply not only for the trans- 
mitted frequency band but also at frequencies re- 
mote from this band in order to insure stability of 
the amplifier. 


REDUCTION IN PHASE DISTORTION 


Since transformers are reactive devices, they intro- 
duce phase shift in the circuits in which they are 
used. If the phase shift introduced be a linear 
function of the frequency it will not produce any 
distortion in the shape of the transmitted wave. 
However, departures from linearity change the wave 
shape, and this form of distortion is referred to as 
phase or delay distortion. The delay at any fre- 
quency is a measure of this departure from linearity, 
and is dependent upon the frequency derivative of 
the phase shift at that frequency. Differences in 
delay of the various frequency components of the 
signal wave which transformers tend to produce 
result in distortion that may be especially serious in 
circuits intended for program transmission. 

For wide band transformers the delay caused by 
the shunting effect of the mutual impedance usually 
predominates. In fact for audio transformers the 
delay at higher frequencies is relatively so small that 
the delay distortion is practically equal to the mutual 
impedance delay at the lowest transmitted frequency. 
Delay distortion is also of importance in trans- 
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formers to be used in television and telephotography. 
In these circuits phase distortion causes a space shift 
in the image of certain frequency components with 
respect to others with consequent. blurring of the 
image. 

The delay characteristic of a transformer used in 
program circuits to connect a telephone transmission 
line to the grid circuit of a repeater amplifier is 
shown in figure 9. This characteristic is compared 
in the same illustration with the delay characteristic 
of a repeater transformer developed some years ago 
for use in what then was regarded as a high quality 
circuit. The delay characteristic of a high frequency 
transformer is shown in figure 10. 


REDUCTION IN AUDIO FREQUENCY MODULATION 


The present exacting requirements for transformer 
performance have made it necessary to lessen greatly 
certain second-order distortion effects inherent in 
transformers having magnetic cores. Nearly all core 
materials tend to generate extraneous frequencies 
because of magnetic nonlinearity—a property re- 
ferred to as magnetic modulation. In audio fre- 
quency circuits intended for high quality service, 
magnetic modulation may cause serious distortion 
in that harmonics of the lower frequencies appear 
higher in the audible range. The energy present at 
the lower frequencies is usually so much greater than 
that over the rest of the band that the modulation 
products may approach the order of magnitude of the 
signal components at. higher frequencies. 

This form of distortion in no way is revealed by 
the ordinary transmission loss characteristic; in fact, 
a transformer having a very flat loss characteristic 
over a wide frequency range may nevertheless be 
definitely objectionable from a modulation stand- 
point. In present audio frequency transformers, the 
total modulation products are some 40 to 80 decibels 
down from the energy of frequencies around 35 cycles 
per second producing them. This represents an im- 
provement of about 30 decibels over older types. 

Another second order effect resembling modula- 
tion is microphonic noise caused by magnetostriction 
phenomena, that is, changes in magnetization ac- 
companying the physical deformation of the mag- 
netic material. For instance, slight jarring of input 
transformers used in very high gain amplifiers 
(100 decibels or more) may induce in this manner 
disturbing noise voltages. Freedom from magneto- 
striction is a unique characteristic of permalloys 
containing approximately 80 per cent nickel, and 
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a transformer designed to transmit high frequencies in 
addition to audio frequencies 
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Fig. 9. Phase delay-frequency characteristic of an 

input transformer used in recent program repeaters, 

compared with that of an input transformer used in an 
older repeater 


their use accounts for the superiority of telephone 
transformers from this standpoint. 


REDUCTION IN CARRIER FREQUENCY MODULATION 


Magnetic modulation is even more serious at 
carrier frequencies where a transformer may trans- 
mit many channels, frequently at widely different 
levels. The modulation from the higher level chan- 
nels may produce very objectionable interference in 
other channels. Carrier transformers now have been 
improved to such an extent that highly sensitive 
testing circuits are required to detect and measure 
the modulation products contributed by them. 
Representative values of these modulation products 
expressed as current ratios to the fundamentals are 
of the order of one millionth of the fundamental 
frequencies, compared to one thousandth in older 
types. 

It is of interest to point out that in such trans- 
formers the presence of magnetic material, other 
than the special permalloys, in the vicinity of the 
transformer must be avoided with great care. For 
example, a small steel screw near the field of the 
transformer will seriously impair its performance 
from a modulation standpoint. Common practice is 
to use brass parts for the assembly and to confine the 
field of the transformer by completely enclosing it 
in a copper or aluminum case. The transformer then 
may be mounted by any convenient means without 
affecting its performance. 


IMPROVEMENTS IN SHIELDING AND BALANCE 


In the very nature of the service that it renders, 
the telephone plant involves many independent com- 
munication circuits in fairly close proximity. The 
minimizing of interference between these independent 
communication circuits has constituted a major 
problem in telephone engineering. Where such inter- 
ference occurs between like circuits, that is, between 
2 voice circuits or between 2 carrier circuits of over- 
lapping frequency bands, the interference commonly 
is referred to as cross talk, as distinguished from the 


ELECTRICAL ENGINEERING 


Ww 
on 


DELAY IN MICRO-SECONDS 


ie) 100 200 300 400 500 600 700 800 900 1000 
FREQUENCY IN KILOCYCLES PER SECOND 


Fig. 10. Phase delay-frequency characteristic of 
an input transformer designed to transmit radio 
frequencies 


interference from other types of circuits such as 
power and telegraph circuits. 

In order to avoid cross talk and other interference, 
balanced” circuits are used almost exclusively in the 
telephone plant. For simplicity, some of the ter- 
minal apparatus connected with these circuits is 
constructed unbalanced, so that it is necessary to 
interpose transformers between the lines and the 
office equipment, these transformers providing a 
barrier to the propagation of the relatively large 
longitudinal currents from the line circuits. (Longi- 
tudinal currents, in contrast with the usual circu- 
lating currents, are currents that flow equally and in 
the same direction in both sides of the line.) In 
order to insure that the voltage impressed on the 
office equipment is attributable to the voltage be- 
tween the wires of the line circuit and not to that 
between the wires and ground, it is necessary that 
the transformers be balanced very carefully; and 
for certain types of circuits, shields must be inter- 
posed so that the direct capacitance between the line 
winding and office winding is reduced to a very small 
value. 

With a greater emphasis on carrier frequency 
transmission, a higher degree of balance is required 
between certain transformer windings, and highly 
effective shielding is frequently necessary. It is 
necessary also that the line windings be balanced 
very closely with respect to capacitances to the 
shield and case. The unbalance effects in carrier 
transformers now have been reduced to values in the 
order of 1 or 2 microamperes in circulating current 
per volt between the line windings and ground at 
30,000 cycles per second, which compares with values 
of 50 microamperes or more for older transformers. 
At the same time the electrostatic shielding between 
the windings has been reduced to 1 or 2 micromicro- 
farads instead of 30 or 40 as before. The shields are 
arranged to intercept the dielectric flux lines tending 
to connect the primary and secondary windings, so 
that the direct capacitance between the 2 windings is 
attributable only to stray flux which by-passes the 
* The new coaxial cable circuits under development are an interesting exception. 
In this type of cable a grounded outer conductor completely encloses the central 
conductor, and shielding rather than balance is relied upon to protect the circuit 
frominterference. The shielding depends upon the size, thickness, permeability, 
and conductivity of the outer conductor and the frequency of the disturbance. 


If the frequency band used in the transmission over coaxial circuits is chosen 
properly, the circuit may be made substantially immune to effects from outside 


fields. 
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shield. One of the windings usually is enclosed 
completely in lead or copper foil with overlapping 
edges insulated to prevent a short-circuited turn. 
Still further improvements are obtained by covering 
the leads with grounded metal braiding, and in 
special cases by enclosing the terminals of the shielded 
winding in a separate shielded compartment. In 
certain transformers designed for high precision test- 
ing equipment, the direct capacitance between wind- 
ings has been reduced to values less than 0.001 
micromicrofarad. 

In connection with phantom circuits, severer cross 
talk requirements have necessitated more precise 
balances in the associated voice frequency trans- 
formers. In these transformers the turns are so 
arranged that the various distributed capacitances, 
flux linkages, and d-c resistances are disposed sym- 
metrically with respect to ground. It has been 
found in practice that this symmetry is realized most 
readily by close coupling between the various parts 
of the windings. By improvements in design, the 
cross talk between phantom and side circuits has 
been reduced to values in the order of 20 millionths 
in current ratio compared to values 5 times as large 
formerly tolerated. 


REDUCTION IN IMPEDANCE DISTORTION 


As a further consequence of the extension of carrier 
systems, it has become necessary to match the im- 
pedance presented by transformers, when terminated 
in the succeeding circuits, to particular values over 
the frequency range. For example, the transposi- 
tion schemes used on open wire lines are such as to 
minimize cross talk primarily for carrier signals 
propagated in one direction in any line. If the 
transformer terminating such a line does not present 
an impedance under load equal to the characteristic 
impedance of the line, a portion of the wave is 
propagated in the reverse direction, that is reflected, 
causing cross talk into adjacent circuits. This re- 
flection effect increases with the vector difference in 
the impedances of the transformer and the line, the 
latter impedance approaching a pure resistance as 
the frequency increases. 

The impedance of transformers has become in- 
creasingly important where such transformers ter- 
minate filters that require a nearly constant resistance 
termination to maintain proper attenuation charac- 
teristics. Another example is in transformers ‘ter- 
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minating screen grid tubes where the plate imped- 
ances are relatively very high. Here the energy 
abstracted from the plate circuit and transmitted by 
the transformer is directly dependent upon the re- 
sistance component of the impedance of the trans- 
former when terminated in its load. 

Better impedance characteristics of transformers 
for these various applications have been obtained by 
increasing the mutual impedance and decreasing the 
leakage and capacitance effects. This procedure is 
made difficult by the necessity for meeting at the 
same time other and newer requirements, as, for 
example, modulation limits. Correcting elements 
consisting of capacitances and inductances usually 
are added and are proportioned with the transformer 
elements in accordance with network theory. Typi- 
cal impedance characteristics of such transformers 
are shown in figures 11 and 12. 

Input transformers operating into the grid circuits 
of vacuum tubes inherently have impedances that 
depart widely from the nearly pure resistances usu- 
ally desired, because of the reactive termination 
provided by the grid circuit. This makes it neces- 
sary to add resistances to serve in place of the usual 
load resistance. The required dissipation may be 
provided in many ways in the input transformer, 
which consideration allows much wider latitude in 
the design than in the ordinary transformer; there 
the major part of the dissipation for low transmission 
loss necessarily must occur in the load. A typical 
impedance characteristic of such an input transformer 
is shown in figure 13. 


TESTING PRECAUTIONS 


As a necessary concomitant to improvements in 
transformers, more precise testing circuits have been 
developed for accurately determining transformer 
performance. In estimating the performance of the 
transformer from its characteristic, care must be 
taken to make sure that the service conditions were 
reproduced carefully in the measuring circuit. In 
particular, certain precautions must be observed in 
the measurement in order to avoid obtaining a mis- 
leading characteristic. For example, the perme- 
ability of magnetic core materials tends to rise rapidly 
from its initial value with increasing voltages. If in 
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the measurement, the low frequency voltages used 
are materially higher than they are under service 
conditions, the low frequency response will appear to 
be much better than the true response. 

As another example, the transmission of input 
transformers at the high frequency end may be 
critical with the termination of the high voltage 
winding. If the grid capacitance and conductance 
conditions are not reproduced faithfully in the 
measuring circuit, the high frequency voltage ampli- 
fication may appear to be much better than the true 
value. 

In addition to more precise transmission measuring 
circuits, various other special circuits have been 
developed for measuring transformers, such as 
modulation, impedance, and cross talk measuring 
circuits. The design of these circuits is of necessity 
a specialized art. 

In the foregoing, various types of improvements in 
communication transformers have been discussed. 
Wherever applicable, several such improvements 
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Fig. 13. Impedance-frequency characteristic of an 

input transformer used to operate from a telephone 

transmission line into a high quality program repeater. 
Impedance ratio is 600 to 15,000 ohms 


have been incorporated in an individual design. 
The improved performance of transformers as de- 
scribed has been an essential step in the development 
of the communication art. 
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1.E.C. Adopts 
MKS System of Units 


At its plenary meeting of June 1935 at 
Scheveningen-Bruxelles, the International 
Electrotechnical Commission unanimously 
adopted the meter-kilogram-second (mks) 
or Giorgi system of units, 15 of the 25 con- 
stituent countries being represented. In 
this paper the principal historical ante- 
cedents of this action by the I.E.C. are out- 
lined, and its principal import to electrical 
engineering is indicated. Since the prepa- 
ration of this paper there have been fur- 
ther important developments in connection 
with the adoption of this system; reports of 
these developments, as translated from the 
original French texts, are given in appen-. 
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A. IS WELL KNOWN, the Inter- 
national Electrotechnical Commission is an inter- 
national organization maintained by 25 countries. 
It was called into existence under the leadership of 
R. E. Crompton, in response to a recommendation 
of the International Electrical Congress of St. Louis 
(Mo.) in 1904. It was organized in 1906 with its 
secretariat in London, and C. LeMaistre has been 
its general secretary since that time. It comprises 
24 advisory committees, each dealing with a par- 
ticular electrotechnical subject, and it has held 
plenary meetings in London, Paris, Brussels, The 
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Hague, Berlin, Cologne, Turin, Zurich, Bellagio-Rome, 
Geneva, Denmark, Scandinavia, and New York. It 
has accomplished much international electrotechni- 
cal work during its 29 years of activity. 

At its plenary meeting, in June 1935, at Scheven- 
ingen-Bruxelles, the I.E.C. unanimously adopted 
the Giorgi System of meter-kilogram-second (mks) 
units, 15 countries being represented by the delegates 
present. Every electrical engineer should make 
himself acquainted with the significance of this 
decision. In effect, it replaces the 3 systems at 
present in use (namely, the absolute electromagnetic 
cgs system, the absolute electrostatic cgs system, 
and the practical series) by one practical system. 

The fundamental units are so chosen that the 
present practical series or system becomes at once 
an absolute system. This brings about a great 
simplification in the teaching of units and in prac- 
tical calculations. 

For the present, the question of rationalization 
has been left for future consideration. As the per- 
meability and permittivity of space are no longer 
unity, it would be an easy matter to fix their values 
so as to rationalize all calculations; that is to say, to 
arrange matters so that the multiplier 4 * comes into 
those formulas only where it would be expected to 
enter. 

Not since the International Congress of Electri- 
cians, at Paris’ in 1881, has there been made a de- 
cision of similar international significance. It is the 
purpose of this paper to outline the principal his- 
torical antecedents of this I.E.C. action, to indicate 
its main import to electrical engineering, and to 
suggest a few of the implications it may involve. 
The account here given is, however, necessarily 
subsidiary to the official minutes of the meeting, 
which should be consulted by interested readers. 


History oF CGS AnpD PRACTICAL UNITS 


As early as 1848, resistance boxes had been pro- 
duced in Germany, calibrated to correspond to the 
linear resistance of particular sizes of telegraph 
wire. Gauss and Weber, about 1850, showed how 
to make certain electric and magnetic measurements 
in absolute measure, adopting for this purpose the 
millimeter-milligram-second system (mms). In 1860, 
Werner Siemens introduced his mercury unit of 
resistance; 1. e., a glass tube of one square millimeter 
cross sectional area and one meter long, filled with 
pure mercury, at zero degrees centigrade. 

The British Association for the Advancement of 
Science (commonly abbreviated to B.A.), at its meet- 
ing in Manchester, of 1861, established a committee 
to report upon “‘standards of electrical resistance.”’ 
This B.A. committee became famous for its pioneer 
work. It made annual reports! until 1867. It 
recommended the adoption of an absolute funda- 
mental system of scientific units, and after trying 
the foot-grain-second system (fgs) advocated the 
meter-gram-second system (mgs). It computed 
theoretically, and worked out practically, approxi- 
mate electric standards, especially that of electrical 
resistance, for which Latimer Clark suggested the 
name ohm. Because the mgs absolute electromag- 
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netic unit of resistance was found to be an extremely 
small quantity in reference to practical needs, this 
committee recommended that the practical unit of 
resistance (or ohm) should be 10’ of these units, 
since 10 such ohms would be roughly equal to the 
resistance of one mile of an ordinary size of tele- 
graph wire. Telegraph engineering was at that 
date almost the only existing application of electrical 
science. The demand for electrical units came from 
telegraph engineers. Again, since the mgs electro- 
magnetic unit of electromotive force was extremely 
small from a telegraph-engineering standpoint, an- 
other large decimal multiple, 10°, was recommended 
for the practical unit, with the name volt, since about 
100,000 such mgs units were roughly equal to the 
electromotive force of one Daniell voltaic cell. The 
decimal factors 10’. and 10° were purely arbitrary 
and adventitious, to meet the needs and convenience 
of these particular applications; but once the volt 
and ohm were adopted, a new strong influence came 
into effect, namely, systematic connection between 
the practical units, such, for example, that the volt 
acting in a circuit of one ohm, should deliver one 
practical unit of current. This would mean that 
the rest of the practical units were no longer arbi- 
trary, but assigned themselves in accordance with 
the laws of physics, in one-to-one unit relations. 
Thus the literature shows that the original value of 
the farad, as the B.A. practical unit of capacitance, 
was equal to what now is called the muicrofarad, 
taken as an arbitrary convenient magnitude for 
telegraph practice; but this was changed? later to 
the present magnitude of the farad, because of con- 
siderations of systematic relations. 

The second B.A. committee was appointed in 1868, 
“for the selection and nomenclature of dynamical and 
electrical units.”’ It proceeded to discuss and com- 
pare the relative advantages of the cgs, mgs, fgs, 
and mms systems, for the purposes of a compre- 
hensive fundamental system adapted for use in all 
branches of science. Its first report—an important 
document—was published? in 1873. It decided, 
after much debate, in favor of the cgs system. A 
principal reason for this choice was that the -cgs 
system was the only one of the 4 considered that 
gave the unit of density equal to that of pure water 
at standard temperature and pressure (one gram 
per cubic centimeter). The practical units with 
standards already in use among practitioners— 
ohm, volt, and farad—were converted from the mgs 
multipliers 10’, 10°, and 107’, to the corresponding 
cgs multipliers 10°, 10°, and 10~°, as they exist today. 
The report also advocated 3 names for as many cgs 
units, namely, the dyne for unit force, the erg for 
unit work, and the erg per second for unit power. 
These names also remain in use. 

Although the cgs system and its appended prac- 
tical units gained recognition among scientists and 
electrotechnicians, no international action was taken 
on them until the First Electrical Congress at Paris, 
in 1881. This memorable congress’ adopted the 
cgs electromagnetic units as fundamental, and 5 
practical units decimally derived therefrom: the 
ohm, volt, ampere, coulomb, and farad. Steps were 
taken to produce a standard ohm as a mercury 


1374 


Glossary of Abbreviations 


International Electrotechnical Commission 

.British Association for the Advancement of 

Science 

TP Warne sector eee International Union of Pure and Applied Physics 

S.U.N. committee Committee on symbols, units, and nomenclature 
of the Lse3U; 

..National Physical Laboratory (British) 

Electric and magnetic magnitudes and units 

committee of the I.E.C. 

International Committee of Weights and Meas- 

ures 

. Comité Consultatif d’Electricité of the I1.C.W.M. 

mks..................meter-kilogram-second (system) 

CgS..........+..+.....centimeter-gram-second (system) 

fgs.................+:.foot-grain-second (system) 

mgs..................meter-gram-second (system) 

mms.................millimeter-milligram-second (system) 

deS.......2..++.---... (earth-quadrant)-(eleventh-gram)-second 

tem) 

centimeter-(gram-seven)-second (system) 


E.M.M.U. committee. . 


(sys- 


(S-ehian gtunmaoen oe O05 odd 


column resistor of one square millimeter cross sec- 
tion at standard temperature and pressure. The 5 
practical units formed a series in one-to-one relation. 
The cgs system thus became the great fundamental 
absolute system for universal measurements in all 
branches of physical science. 

Since 1881, 4 more units have been added to the 
practical electrical series: the joule, watt, henry, and 
weber, in 1889, 1889, 1893, and 1933, respectively, 
the first 3 at international electrical congresses, and 
the fourth by the I.E.C. at Paris (confirmed this 
year at Brussels). 


COMPREHENSIVE PRACTICAL UNIT SYSTEMS 


Clerk Maxwell, who placed the classical cgs sys- 
tems (electric and magnetic) on a firm mathematical 
basis, pointed out, in 1881, that the practical series 
of electromagnetic units virtually formed a complete 
electromagnetic system, in which the unit of length 
was the earth-quadrant (10° centimeters), the unit 
of mass 1071! gram (eleventh-gram), and the unit of 
time the mean solar second. The numerical value 
of space permeability in this ges system of Maxwell 
was wo = 1, the same as in the cgs magnetic system. 
This conception of the practical series as part of a 
magnetic system was interesting, but merely a propo- 
sition in the theory of units. Neither Maxwell nor 
any other theorist ever seriously proposed that the 
qes system should be adopted in practical scientific 
work, because the fundamental units of length and 
mass were so awkward. For instance, with unit 
electric current strength as one ampere, the unit of 
current density would be the ampere per square earth 
quadrant! Maxwell’s discovery remained, there- 
fore, an academic curiosity. 

G. Giorgi of Rome pointed out,!?in 1901, that if the 
value of space permeability yo were taken not as 
unity but as 10~7 unrationalized, or as 4r X 1077 
rationalized, the practical series fell into an electro- 
magnetic system like the ges system, and parallel 
to the magnetic cgs system, with unit length equal 
to the international meter (10? centimeters), unit 
mass equal to the kilogram, and unit time the mean 
solar second. Giorgi presented a paper on this new 
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mks system to the International Electrical Congress" 
of St. Louis, in 1904. A colleague of his, Ascoli, 
presented another paper’ to the St. Louis congress, 
pointing out that there existed an indefinitely long 
series of such systems, all containing the practical 
series of units, such that if the system length unit 
were 10’ centimeters and its mass unit 10” grams: 
then the equation of condition was 2/ + m = 7. 
In Giorgi’s mks system, / = 2 and m = 3: while in 
Maxwell’s ges system, / = 9andm = —11. In this 
indefinite series of possible systems, all embracing 
the internationally adopted practical units, only 
Maxwell’s ges system kept uo = 1, and only Giorgi’s 
mks system comprised the international standards 
of length and mass maintained by the International 
Bureau of Weights and Measures at Sévres, in the 
Park of St. Cloud, near Paris. Moreover, only 
Giorgi’s mks system offered units of length and 
mass that were satisfactory practically. 

The Giorgi mks system slowly advanced in favor all 
over the world. It was endorsed by several physi- 
cists in Europe. In the United States, G. A. Camp- 
bell came forward” heartily in support of the ‘‘de- 
finitive system,” which differs from the Giorgi system 
only in details of definition. The only seriously 
advanced objection to it, setting aside the complaint 
that the Giorgi system fundamental equations are 
dissymmetrical from the standpoint of theoretical 
physics, seems to have been that its unit of density 
is the kilogram per cubic meter, which is 1,000 times 
smaller than that of pure water under standard 
specifications. Since the recent discoveries, how- 
ever, of deuterium and of “heavy water,’ the argu- 
ment for unit-density water has lost some force. 
To have the density of distilled water unity is, of 
course, an asset to a system of units; but its loss is 
not disastrous. The great bulk of water on the 
earth is ocean water, with a density distinctly greater 
that that of one gram per cubic centimeter; more- 
over, tables of specific gravity with that of pure 
water taken as unity are the same in the mks system 
as in the cgs system, and for engineering purposes 
specific gravities are likely to be more useful than 
absolute densities. 

In or about the year 1916, proposals appeared to 
adopt another comprehensive system, sometimes”? 
called ‘“‘international system,’’ based upon the centi- 
meter as length unit, the gram-seven or 10’ grams 
(10 metric tons) as mass unit, and the mean solar 
second as the unit of time (cg-ss system). Here 
1 = 0 and m = 7. Several proponents have been 
named for this system, among them Blondel, Del- 
linger, Bennett, Karapetoff, and Mie. In the cg-ss 
system, the numerical value of space permeability 
uo would be 107° unrationalized, and 47 X 107° 
rationalized. Various papers and at least one book”? 
have been printed on this system, which claimed 
many of the advantages of the Giorgi system. Its 
principal disadvantage, however, was the awkwardly 
large size of its unit of mass. 


MAGNETIC UNITS 


In reference to the history of practical magnetic 
units, it may suffice here to point out that as early 
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as 1889, the Second Electrical Congress of Paris dis- 
cussed the adoption of units for magnetic flux and flux 
density in the practical system, with personal names 
for both; but no action was taken in the matter at 
that time. Similar suggestions were made at the 
Third International Electrical Congress, of Frank- 
fort, in 1891, but again without action being taken. 
At the Fourth International Electrical Congress, of 
Chicago, in 1893, certain proposals of the A.I.E.E., 
to adopt magnetic units in the practical series for 
magnetomotive force, flux, flux density, and reluc- 
tance, were considered; but the chamber of delegates 
recommended’? that magnetic units should be re- 
stricted to the cgs system, and without specific 
names. 

At the Fifth International Electrical Congress, of 
1900, in Paris, names were requested for cgs mag- 
netic units. There was considerable difference of 
opinion, and debate. Finally, the congress adopted 
the names maxwell for the cgs unit of magnetic flux, 
and gauss for the cgs unit of maguetizing force H. 
There was also some accidental misunderstanding 
of the action taken, some of the delegates present 
having supposed that the name gauss had been 
adopted for flux density B. No further international 
action on magnetic units took place thereafter, until 
the matter was taken up in 1927 by the I.E.C. 

Actions of the I.E.C. and the International Union of 
Pure and Applied Physics (I.P.U.), in Reference to 
Magnetic Units. At its Bellagio” meeting in 1927, 
the I.E.C. discussed certain proposals relating to 
magnetic units. In view of much manifest difference 
of opinion, a subcommittee was appointed to con- 
sider and report upon the subject. The committee, 
composed of representatives from different countries, 
endeavored to reach conclusions by correspondence; 
but this was found to be impracticable because of the 
marked differences of opinion as to the meaning of 
terms used in magnetic literature and especially as 
to the meaning of the unit name gauss. These differ- 
ences affected not only the literature of different 
countries, but also of different writers in each of 
several countries. The matter therefore was brought 
to the attention of the various I.E.C. national com- 
mittees and placed on the agenda of the next I.E.C. 
meeting, in Scandinavia (1930). 

After considerable discussion in Copenhagen and 
Stockholm, the committee decided unanimously’ 
that, for electrotechnical purposes, the convention 
should be established that in free space the quantities 
flux density 6 and magnetizing force H should be 
taken as physically different; so that their ratio, the 
space permeability 4, was a physical quantity with 
dimensions and not a mere numeric. The same 
convention was applied to the absolute permeability 
uw of a simple magnetic medium; so that its relative 
permeability u/uo was dimensionless, or a mere 
numeric. The committee then assigned the unit 
name gauss to flux density 6, confirmed the name 
maxwell for magnetic flux ®, and gave the new inter- 
national name oersted to the unit of magnetizing force 
Hf, all in the classical egs system. These recom- 
mendations were confirmed unanimously by the 
I.E.C. plenary convention at Oslo, in July 1930. 
This Oslo convention gave satisfaction to the great 
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Table I—Incomplete List of MKS Units and of Corresponding CGS Units 


————-——— <= ——— 
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majority of electrotechnicians all over the world; 
but the satisfaction among physicists has been less 
complete. 

The International Union of Pure and Applied 
Physics (I.P.U.), at its Brussels meeting of July 1931, 
appointed, for the first time, a committee on ‘“‘sym- 
bols, units, and nomenclature” (S.U.N.). This im- 
portant S.U.N. committee has held several meetings 
of great value to the physical sciences. Its president 
has been Sir Richard Glazebrook, and its secretary, 
E. Griffiths, of the National Physical Laboratory 
(N.P.L.). The I.E.C. requested the I.P.U. for the 
co-operation of the S.U.N. committee in the matter 
of magnetic units, and this co-operation very cour- 
teously was granted. The S.U.N. committee pro- 
ceeded to prepare a questionnaire on “‘electrical 
units,’ addressed to physicists and physical societies 
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Various units used in acoustical engineeriug, radio engineering, and mechanical engineering are omitted from this list. 


in different countries, calling attention to certain 
ambiguities in the definitions of fundamental electric 
and magnetic quantities entering into the classical cgs 
system, and inviting opinions as to how these am- 
biguities might be eliminated, in order to arrive at 
international agreement. This printed document” 
was issued by the S.U.N. committee in December 
1931, and replies thereto were collected and dis- 
tributed to the I.P.U. committees, as well as to the 
national committees of the I.E.C. 

The electric and magnetic magnitudes and units 
(E.M.M.U.) committee of the I.E.C. met in London, 
September 1931, to consider the Oslo recommenda- 
tions made by the same committee in July 1930. 
Ten countries were represented by delegates. The 
president and secretary of the S.U.N. committee 
attended the meeting, as well as H. Abraham 
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(general secretary of the I.P.U.), President Enstrém, 
and General Secretary LeMaistre of the I.E.C. At 
this meeting the actions taken at Oslo in regard to 
cgs magnetic units were endorsed unanimously. 

_ In view of the many physicists assembling in Paris 
during the week July 5-12, 1932, to attend the 1932 
Paris International Electrical Congress, the S.U.N. 
committee called an informal meeting in Paris on 
July 9, to discuss the matters contained in its ques- 
tionnaire, and especially the cgs magnetic units. 
President Sir Richard Glazebrook was the chairman, 
and E. Griffiths was the secretary; 19 persons, from 
8 countries, attended. The actions taken were 
informal, in the sense that the voting was by indi- 
viduals and not by countries. The resolutions 
adopted, if not unanimous, were by considerable 
majorities. Among the resolutions was the proposi- 
tion (6) ‘““B and H are quantities of different nature.”’ 
The Oslo convention was endorsed, and the I.E.C. 
actions concerning cgs magnetic units and their 
“names, were confirmed. No specific reference was 
made to the Giorgi system; but it was voted that: 
“(1) Any system of units recommended must retain 
the 8 internationally recognized practical units: 
joule, watt, coulomb, ampere, ohm, volt, farad, henry.” 
It was voted also that in any practical magnetic 
system, ‘‘the factor 47/10 should be retained in the 
definition of magnetomotive force.’’ This implies 
that the S.U.N. committee opposed rationalizing the 
practical magnetic system. 

At the Brussels meeting of the I.P.U. in July 1931, 
already mentioned, R. A. Millikan was elected as 
the incoming president, and it was contemplated 
holding the next I.P.U. meeting in Chicago, June 
1933, contemporaneously with the Chicago exposi- 
tion of 1933. It was found necessary, however, to 
postpone the I.P.U. meeting; but a meeting of the 
American Section of the I.P.U., with a few foreign 
guests, was held at Chicago instead, June 24, 1933, 
in Mandel Hall, University of Chicago. R. A. 
Millikan, president of the I.P.U., opened the meet- 
ing. The program was directed to the work of the 
international S.U.N. committee, and 6 papers were 
read, with E. C. Crittenden, chairman of the Ameri- 
can S.U.N. committee in the chair. The papers” 
related to electric and magnetic units and systems, 
as prepared by R. T. Glazebrook, H. Abraham, 
Peerage, G. A. Campbell; H. L. Curtis, and -&.. E: 
Kennelly. E. Bennett acted as secretary of the 
meeting. The attendance at the meeting was about 
150, and of these the estimated number voting was 
30 to 40. In brief, the following resolutions*’~** 
were passed : 


1. That the classical cgs system should be left unchanged. 


2. That the existing series of practical units may advantageously 
be extended into a complete absolute practical system, either through 
the mks system, or through the cg-ss system; of these, the mks 
system is preferred. 


3. That the American S.U.N. committee shall be requested to 
consider the objections to the use of the absolute ohm and the 
advantage that might be gained by the use of the international ohm 
in the practical system. 


A meeting of the E.M.M.U. committee of the 
I.E.C. was held*4 at Paris in October 1933. The 
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weber was adopted as the practical unit of magnetic 
flux 6, subject to the approval of the various national 
committees. The names hertz and siemens likewise 
were voted, for the names of the practical units of 
frequency and conductance, respectively. The Oslo 
convention concerning wy) and » was reconfirmed. 
Special consideration was given to the resolutions 
passed by the American Section of the I.P.U. at 
Chicago in June 1933, on the extension of the prac- 
tical series of units into a complete system, as re- 
ferred to in preceding paragraphs. Giorgi, who was 
present as an Italian representative, gave a brief 
résumé of the mks system. H. Abraham, general 
secretary of the I.P.U., who attended the meeting, 
pointed out certain advantages of the mks system, 
as also did M. Brylinski, president of the French 
I.E.C. national committee. The following resolu- 
tion was adopted unanimously: 


“Section B of the advisory committee No. 1 on nomenclature, 
having heard with great interest the communication from Mr. 
Giorgi on the mks system, and endorsing the resolution adopted 
by the American Section of the International Union of Pure and 
Applied Physics at Chicago, in June 1933, decides to invite the 
national committees to give their opinion on the extension of the 
series of practical units at present employed in electrotechnics by 
its incorporation in a coherent system having as fundamental units 
of length, mass, and time, the meter, kilogram, and second, and as 
fourth unit either that of resistance expressed as the precise multiple 
10° of cgs electromagnetic unit or the corresponding value of the 
space permeability of a vacuum.” 


These resolutions were distributed to all the I.E.C. 
national committees in the regular way, together with 
the minutes of the meeting, with a request for opin- 
ions. 


ACTIONS OF THE I.E.C. AT THE LATEST AND 
PLENARY MEETING IN SCHEVENINGEN-BRUSSELS 


In regard to actions on units, the E.M.M.U. com- 
mittee met at Scheveningen, with representatives 
from 15 countries. President Enstrém attended the 
sessions. Paul Janet, president of advisory com- 
mittee No. 1, was prevented from being present. He 
was unanimously elected honorary president of the 
I.E.C., an honor shared by Elihu Thomson. The 
principal actions taken at this meeting were briefly as 
follows: 


1. The Oslo convention concerning po and p was reconfirmed. 


2. The adoption of the weber was confirmed as the name of the 
practical unit of magnetic flux ®. 


3. The replies were read as received from the various national 
committees concerning the extension of the practical series into a 
practical system of units, on the mks basis. Practically all the 
replies were in favor. The question of adopting the mks system 
then was moved and unanimously approved, except that 2 coun- 
tries made reserves as to the suitability of retaining the kilogram 
as a basic unit of the system. 

There was considerable difference of opinion among the delegates 
as to the fourth fundamental unit for the system. The ohm and 
the coulomb each had been suggested. It was agreed that a fourth 
unit was needed, because it would be possible, starting with the 
3 units, meter, kilogram, and second, to construct an indefinite 
number of possible associated electromagnetic series, differing from 
the existing practical series which all desired to maintain. It 
finally was agreed to defer action on the choice of a fourth funda- 
mental unit until an opportunity had been offered to consult the 
Comité Consultatif d’Electricité (C.C.E.) of the International 
Committee of Weights and Measures (I.C.W.M.) at Sévres, and 
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also the S.U.N. committee of the I.P.U. In the meantime, it was 
voted that the new system should be called the “Giorgi System.” 
Opinions also were requested from the various national committees 
as to the selection of the fourth unit. 

4. By way of example, in the formation of derived units in the 
system, the following were adopted unanimously: (a) the volt per 
meter as unit of electric force; (b) the weber per square meter as 
unit of magnetic flux density B; (c) the joule per cubic meter as 
unit of volume energy. 

5. The actions taken at the preceding meeting in Paris, concerning 
the practical unit names hertz and siemens were confirmed, as also 
the desirability of inserting the space permeability symbol yo in 
all working magnetic formulas where its absence might mislead, 
thus reconfirming the Oslo convention. 


ADVANTAGES OF THE GIORGI SYSTEM 
TO STUDENTS OF ELECTRICAL ENGINEERING 


Table I, which gives a list of mks and cgs units, 
shows that although the classical cgs system in no 
way is altered or disturbed by the completion of the 
practical series into an independent practical system ; 
vel: 

1. There is great simplification in elimination of the necessity of 
learning the decimal ratios 10%, 108, 107, 10~1, and 10~°, which con- 


nect various units in the 2 systems. The practical units all stand 
in unity-sequence relation. 


2. The mks system is single and requires no accompanying com- 
panion electrostatic system. All electrostatic phenomena can be 
dealt with very easily through the existing electromagnetic practical 
units. 


3. The dimensional formulas of the Giorgi units can be expressed 
without resorting to fractional exponents, as shown by Giorgi®> and 
other writers. 


4. It permits the use of either ‘‘rationalized’’ or “‘unrationalized”’ 
formulas, according to the choice of each writer, without disrupting 
the system on that account. 


5. It requires no appreciable change in the existing literature and 
terminology of electric circuits. It may be said that the electrical 
engineering literature of the voltaic circuit is already Giorgian. It 
will not be difficult to transform the literature of the magnetic 
circuit from cgs to mks units. 


6. For almost all practical purposes, the mks system can be studied 
and used now, without waiting for the formal adoption of the fourth 
fundamental unit to complete the system’s base. Until readers 
become familiar with the expression of magnetic circuit formulas 
in mks units, the old cgs magnetic formulas may be retained in the 
egs system without confusion. 


7. It affords a clear perspective of the distinction between the 
earlier cgs units and the practical units, in regard to nomenclature 
and scope. If new cgs units be named, the names may conformably 
be impersonal. New practical units may conformably receive per- 
sonal names, especially units 12, 138, and 16 in table I. If desired, 
a few impersonal names in the mks system might be changed later 
into personal names. 


COMMENTS 


Table I shows that the only department of the cgs 
system in which personal names appear is that con- 
cerning the magnetic circuit. This discrepancy re- 
sults from the resolution of the Chicago congress 
of 1893 to keep magnetic units out of the practical 
series. The very large aggregate number of electro- 
technicians all over the world thus were impelled to 
seek for the magnetic circuit names they so earnestly 
desired, in the cgs system itself. Although this in- 
consistency is regrettable, it seems likely that with 
patience and good-will, it may be surmounted later. 

Looking back upon the path of the development 
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of units since 1861, when the B.A. made the first 
move in the direction of practical units, it appears 
that starting in about 1865 with the ohm and the 
volt based upon the cgs system, and with magnitudes 
selected fortuitously to suit the convenience of elec- 
tric telegraphy, Ohm’s law pointed the way from 
these 2 nuclei to the coherent magnitude of the ampere 
as the practical unit of current. These, in turn led, 
through other simple physical laws and their mathe- 
matical formulas, to the succeeding members of the 
practical series. After the ohm and volt, no further 
arbitrary choice was left, and the practical series | 
determined itself. Each new member of the series © 
made systematization more imperative and finally © 
led to the completion of the whole series into the | 
Giorgisystem. It has been as though the marvelous 
simplicity of the physical universe in its individual 
actions, working on the minds of men engaged in 
physical applications, brought pressure upon them 
psychologically to imitate in their thoughts and arith- 
metic the order and system of the vast environment 
in the physical world. In 1935, the need for the 
system has reached the stage of international recog- 
nition, over a journey of 70 years. Under unfavor- 
able conditions, the time required might have been 
much greater. 

Table I also suggests the importance of co-opera- 
tion among all scientific organizations, national as 
well as international, to maintain the systematic 
quality and classification of all units they employ. 
In a structure like the mks system there logically 
can be one and only one unit for each physical 
quantity. 

In regard to the rationalization or nonrationaliza- 
tion of the mks system, discussions on the subject in 
recent years by the I.E.C. and I.P.U. committees 
have shown that there is much difference of opinion 
on the subject. In the E.M.M.U. committee, a 
small majority has been in favor of rationalization; 
in the S.U.N. committee, the majority has been 
more definitely against it. It is clear that any 
attempt to force a decision one way or the other at 
the present time would divide the mks adherents 


Table II—Electric and Magnetic MKS Units Affected by the 


Deferred Question of Rationalization 


————<—$—— rs 


Unrationalized 
Units in One 
Sym- Name of Rationalized* Rationalized 
No. Quantity bol MKS Unit Unit 
Electrical 
49)" Electric Hux y.5 debe ii tere COLLOID D See ete ener en ere ee 
50 Flux density...........D....coulomb per square meter..... 
51 Space permittivity..... 10-07. harad perimeters... cence en 
52 Space elastivity......... Cole emeter pet faradh..n.ee meen nese 
53:1 Blastances 2.8. hsp surance ata lan ae ee an ne ee eee 
Magnetic 
54 Magnetomotive force . For M..ampere-turn.....................49 
55 Magnetizing force....... H.,..ampere-turn per meter............49 
56 Space permeability...... Moi... shenry per metern., decry oe che yell Az 
57 Space reluctivity........ Po. oa teter'per henry... «criss nisi wie eae ee 
58 Permeance.............@ ....weber perampere-turn............1/4r 
69> Reluctance w aeees eee @....ampere-turn per weber............47 
60) “Poleistrencth.... ee eee OED 611s SOOO OAO OO ee dace mood oo LF Ks 
61 Magnetic moment (ml). .W....weber-meter.....................1/4e 
62 Magnetization..........3.....weber per square meter............ 1/40 


* No names have been chosen for unrationalized units. 
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Table Ill—Numerical Values of Space Constants in MKS 


System, Rationalized and Unrationalized 


= —— 


No. Quantity Symbol Rationalized Unrationalized 
Electrical 

51 Permittivity...€0 ...107/4rc2 = 8.854 X 10-12... .107 /c2? = 1.1138 XK 10-10 
52 Elastivity .....%0...4e2/107 = 1.129 X 10" .. .c2/107 = 8.988 X 109 
Magnetic 

56 Permeability...40...4" X 10-7 = 1257 X 10-€..1077 

57 Reluctivity....% ...107/4r = 0.7958 X 108......107 


The value of the transmission velocity cis taken here as 2.998 X 108 meters per 
second and of c? as 8.988 X 1016 (meters per second)2. 


Because of admitted small discrepancies, of a few parts per myriad, between 
certain existing unit standards and their estimated absolute theoretical values, 
the future adoption of a fourth fundamental unit to complete the base of the 
mks system, might alter slightly some of the numerical ‘‘constants” in Table 
II1.55 


into 2 opposing camps, the rationalists and the non- 
rationalists. It seems desirable, therefore, to avoid 
the issue and to leave each writer free to follow his 
own choice, until experience may have crystallized 
opinion in the different countries. The same ques- 
tion pervades the cgs world today. The classical 
cgs electric and magnetic systems of Maxwell are 
unrationalized, while the Heaviside-Lorentz modi- 
fication is rationalized. The advantages of rational- 
izing would be that the mks system thus would be 
made simpler, more logical, and coherent. There 
is much to be said for having pole strength identical 
with magnetic flux, so that a pole of one weber would 
give emergence to one weber of flux, and a charge of 
one coulomb also give emergence to one coulomb of 
electric flux. Table II shows that there are already 
enough practical international quantities to give 
names to all the principal units in the rationalized 
magnetic circuit, although some of them are cumber- 
some; whereas it appears to be necessary to adopt 
a series of new international names, in order to pro- 
vide for the corresponding needs of the unrational- 
ized circuit. Giorgi himself, in proposing his system 
(1901-04), rationalized it, as an act of recommenda- 
tion. On the other hand, the disadvantage of 
rationalizing the mks system would be to break 
parallelism, in this direction, with the parent classical 
cgs system. 

As regards the fundamental basis of the mks 
system, it has been pointed out by several writers 
that it is a blemish on the system to have (in the 
kilogram) a basic prefixed unit. The mks meter is 
certainly preferable to the cgs centimeter in this 
respect; but the mks kilogram is inferior to the cgs 
gram. ‘Theoretically, the basic units of any system 
should be prefix free. However, the cgs system has 
given splendid service to the world of science for 
many years, in spite of the centimeter. 

Until there has been time to obtain the opinions 
of the I.C.W.M. and the I.P.U. on the question of 
choosing the fourth fundamental unit for the mks 
system, it would be invidious to offer any views on 
that point. It may be permissible to point out at 
this time, however, that whatever particular fourth 
unit may be selected in drawing up the international 
constitution of the Giorgi system, it is very desirable 
that each and all of the practical units in the ohm- 
volt-ampere series shall be identical for both basic 
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and applied physicists. It surely would be a great 
misfortune to the whole scientific world if in taking 
up a standard ohm coil, or a standard capacitor, say 
20 years hence, it should be necessary to ask whether 
it was standardized for physicists or electrotechni- 
cians. Some trifling oversight in specifying the 
fourth fundamental unit might conceivably lead to 
such a divergence. 


FURTHER DEVELOPMENTS 


Since this paper was written in August 1935, the 
following important developments have occurred in 
relation to the Giorgi system: 


1. The Consultative Committee on Electricity (C.C.E.) of the 
International Committee on Weights and Measures (I.C.W.M.) 
held meetings in Paris-Sévres September 24-27, 1935, under the 
chairmanship of Paul Janet, and made an important report on 
electrical units and standards, covering also the reply to the I.E.C. 
inquiry concerning the fourth basic unit for the Giorgi system. 


2. The I.C.W.M. held meetings in Paris-Sévres, October 1-8, 1935, 
adopting this C.C.E. report and authorizing its general publication. 
It also issued a brief statement for publication concerning its own 
activities and aims. 


3. The $.U.N. committee under Sir Richard Glazebrook has been 
actively engaged in securing opinions, by correspondence, as to the 
fourth basic unit in the Giorgi system for reply to the I.E.C. question 
on that point. The reply is expected to be published shortly. 


Translations of the I1.C.W.M. statement and of the 
C.C.E. report (from the original French texts) are 
given in Appendixes I and II. 


Appendix I—Fourth Report of the Consultative 
Committee on Electricity (Comité Consultatif 
D'Electricité) to the International Committee 
of Weights and Measures 


(As translated by the author from the original French text released 
for publication) 


F’ After notices sent out by the International Bureau of Weights and 
Measures, signed by President Paul Janet, the Consultative Com- 
mittee on Electricity met in Paris, September 24-27, 1935. 

At this fourth session of the committee, the following persons 
were in attendance: 


Mr. Paul Janet, president, Membre de l1’Institut de France, director of the 
Laboratoire Central d’Electriicté. 

Mr. Crittenden of the National Bureau of Standards, Washington. 

Mr. Sears of the National Physical Laboratory, Teddington, 

Mr. Von Steinwehr of the Physikalisch-Technische Reichsanstalt, Berlin. 

Mr. Nagaoka, professor emeritus of the University of Tokyo, representing the 
Electrotechnical Laboratory of Tokyo. 

Mr. Lombardi, director of the Electrotechnical Laboratory of the Royal School 
of Engineers, Rome. 

Mr. Guillaume, director of the International Bureau of Weights and Measures. 
Mr. Jouaust of the Laboratoire Central d’Electricité, Paris. 


In attendance by invitation were: 


Mr. MacLellan, Member of the International Committee of Weights and Meas- 
ures. 

Mr. Vigoureux of the National Physical Laboratory. 

Mr. Pérard, subdirector of the Bureau International des Poids et Mesures. 
Messrs. Romanowski and Roux of the Bureau International des Poids et Mesures. 
Mr. Brylinski, president of the French Committee of the I.E.C. 

Mr. Kennelly, member of the International Committee of Weights and Meas- 
ures, prevented from attending by ill health. 


On opening the session, President Janet outlined the conditions 
under which the committee was convened: 

The International Committtee, at its last meeting, decided on a 
recommendation from the Consultative Committee: 


“That the Consultative Committee should request the laboratories it represents 
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to appoint members intended to form a technical subcommittee charged with 
the duty of making comparisons between their standards of resistance and 
voltage with all necessary precision, and to assign their values in terms of 


absolute units.” ; 
“That the technical subcommittee should meet at the International Bureau of 


Weights and Measures in 1935.” 4 
“That the decisions of the subcommittee should be examined by the Consulta- 
tive Committee, before being transmitted to the International Committee. 


In conformity with the above decision of the International Com- 
mittee, Mr. Janet corresponded during the last 3 months of 1934 
with the national laboratories represented on the Consultative 
Committee, requesting each to assign a member to the technical 
subcommittee, and to propose a date for the meeting of the sub- 
committee. 

The majority of the replies showed that the tasks undertaken in the 
different laboratories for the determination in absolute units were 
not far enough advanced to permit of assigning to the regular labora- 
tory standards their values in terms of the absolute system, that 
under these circumstances the work of the members of the technical 
subcommittee would be quite ineffective and would be limited to 
intercomparisons between the standards of the different laboratories, 
these intercomparisons being effected by conveyance between 
laboratories; these being either the national physical laboratories, 
or the International Bureau of Weights and Measures. 

Under these conditions, Mr. Janet considered it necessary to 
postpone the meeting of the technical subcommittee, and to limit 
operations to a meeting of the Consultative Committee a few days 
in advance of the International Committee. 

The object of the present meeting was therefore to examine the 
degree of progress in the determination of the absolute units, and 
the discussion of the precision of the methods employed; so that 
each member might profit from the experience of his colleagues. 

The question of the realization of secondary standards presented 
itself, especially the nature of the metal to be employed for the con- 
struction of secondary standards of the ohm; also the question of the 
temperature to which they should be referred, might be considered. 

In particular, Mr. Janet insisted upon the necessity for fixing at 
the present session, the date, if possible, for calling the meeting of the 
technical subcommittee and arranging its program. The fixing of 
this date was especially called for in a letter received from the 
Electrotechnical Laboratory of Tokyo. 

Mr. Janet pointed out that he had also received information from 
Mr. Kennelly, that the International Electrotechnical Commission 
had adopted the mks system, called the Giorgi System, involving the 
establishment, in addition to the 3 classical fundamental units of 
length, mass, and time, a fourth fundamental unit, relating to an 
electrical magnitude, and that the Electrotechnical Commission 
desired to have the opinion of the Consultative Committee, as to the 
electrical magnitude which would be desirable to select for this 
unit. 

Mr. Janet considered that, with certain reservations, this question 
might be placed on the agenda of the Consultative Committee. A 
report prepared by Mr. Lombardi, a member of the Consultative 
Committee and also of the International Electrotechnical Commis- 
sion, might serve as the basis for discussion. 

We may now summarize the results attained by the Consultative 
Committee: 


I. ABSOLUTE UNITS 


Only 2 laboratories have completed their tasks, namely, the 
National Bureau of Standards and the National Physical Laboratory, 
and only one of these investigations has taken the form of a complete 
publication; i. e., the determination of the ampere, made at the 
N.B.S. by Messrs. H. and R. Curtis. 

The other laboratories (Physikalisch-Technische Reicheanstalt, 
Electrotechnical Laboratory, Laboratoire Central d’Electricité) 
have confined themselves to presenting certain notes on the methods 
employed. The representative of the Electrotechnical Laboratory, 
Mr. Nagaoka, announced that his establishment would shortly be 
able to report the result of its measurements. The representatives 
of the P.T.R. and L.C.E. have been unable to make any similar 
statement. 


(a) Absolute Value of the Unit of Resistance. The National Bureau 
of Standards give the following result: 


1 international ohm N.B.S. = 1.000 450 absolute ohm 


The determination of the absolute ohm had been made at the 
National Physical Laboratory by 2 methods: 
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The Lorenz method gave: 
1 international ohm N.P.L. = 1.000 50 + 0,000 02 absolute ohm 


By the Campbell method: 
1 international ohm N.P.L. = 1.000 47 + 0.000 02 absolute ohm 


In the opinion of the representative of the N.P.L., in view of the 
precision of the 2 methods, it seemed desirable to take the mean of 
the 2 above values, and to take as the N.P.L. result: 

1 international ohm N.P.L. = 1.000 49 absolute ohm 


The above are the only results definitely communicated to the 
Consultative Committee. The difference of the order of a few 
millionths between the international N.P.L. ohm and the inter- 
national N.B.S. ohm, make these results directly comparable. 

Moreover, the representative of the Physikalisch-Technische 
Reichsanstalt observed that certain corrections should be applied 
to the old measurements of Grueneisen and Giebe, which would 
lead to the following: 

l international ohm P.T.R. = 1.000 49 absolute ohm 


All the above results seem to indicate that one may hope for a 
knowledge of the ratio of the international ohm to the absolute ohm, 
when all the laboratories shall have finished their task, to a precision 
of +2 X 10-5. 


(b) Absolute Value of the Unit of Current Strength. Only 2 labora- 
tories, the N.B.S. and the N.P.L. have finished their researches. The 
results obtained, expressed in the form used in the reports to the 
Committee are: 


Bureau of Standards 


1 international ampere N.B.S. = 0.999 926 absolute ampere 


National Physical Laboratory 
1 absolute ampere = 1.000 14 international ampere N.P.L. 


If account is taken of the difference which exists in the realization 
of the international ampere in the 2 laboratories, these 2 results differ 
by 9 hundred-thousandths. 

The agreement in the determination of the unit of current strength 
is thus much less close than in the determination of the unit of re- 
sistance. 

Discussion of the methods of measurement employed led to an. 
interesting remark from the representative of the P.T.R., on the 
difficulty of calculating, for the Balance of Lord Rayleigh, the cor- 
rection due to the volume of the bobbin windings. He observed 
that in the work of H. and R. Curtis, it was possible to arrive at 2 
different values for this correction, according to the method used in 
measuring the windings. 

Reference was made to a recent work of Sir Richard Glazebrook, 
recently appearing in the Proceedings of the Royal Society, A, volume 
150, 1935, page 487, setting forth the same difficulty. 

Mr. Von Steinwehr also mentioned that in order to remedy this 
difficulty, the Reichsanstalt had given up the method of winding the 
coils of the Rayleigh balance with wire, in favor of a method of band 
winding. The necessity of redetermining the radii ratio for these 
new coils, was one of the reasons for the Reichsanstalt not yet being 
ready to furnish results. 

Mr. Crittenden recognized the importance of Mr. Von Steinwehr’s 
remark, and indicated that at the N.B.S. they had undertaken in 
their Rayleigh type of electro-dynamometer, the construction of new 
coils, one made with bands, and the other with but a single layer of 
wire. 

In any case, it would seem that this uncertainty as to a correction 
does not completely explain the difference between the N.B.S. and 
the N.P.L. 

The committee, while expressing its regrets for the technical diffi- 
culties that had hindered the completion of its undertaking, felt 
glad that the meeting had given rise to a suggestive discussion 


for all who are engaged in the determination of units to absolute 
measure. 


II. PRESENT REPRESENTATION OF THE UNITS 


The value of the international ohm is maintained in the laboratories 
by means of manganin coils. The resistance of these coils is not 
constant, but varies slowly as a function of time. 

Is it possible to find for the construction of these coils, a metal 
free from such variations? 

A report from the National Physical Laboratory, presented and 
commented on by Mr. Vigoureux, described the experiments made 
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n that establishment, for the production of ohm standards in 
latinum. 

Having given the value of the temperature coefficient of resistivity 

or platinum, these resistances should be used at a practically well 
letermined temperature, that of melting ice. 
_ Mr. Pérard drew the committee’s attention to the difficulty which 
nay exist in keeping such resistances precisely at the temperature of 
nelting ice. Mr. Von Steinwehr alluded to the use of the “triple 
yoint.’’ 

However that may be, many years must elapse before one can be 
ssured of the constancy of these resistances. 

The Committee could therefore only felicitate the National 
-hysical Laboratory upon the undertaking of this research. 

Questions were asked of the representative of the National Bureau 
Mf Standards concerning a new alloy studied in that establishment. 
Mr. Von Steinwehr remarked that studies had also been made at 
he P.T.R. on this chromium-gold alloy, and that it had been pos- 
ible to obtain specimens whose temperature coefficient between 20 
md 30 degrees centigrade was almost zero. 

But there is still no assurance as to the stability of this alloy, so 
hat it will still be necessary for a long time to come, to construct 
econdary ohm standards in manganin. 

The committee listened also with interest to the account given by 
Mr. Vigoureux of the method employed at the N.P.L. in the search 
or standards having a resistance as nearly constant as possible. 

A considerable part of the variations manifested by these resist- 
inces is attributed to the layer of lacquer which covers them. 

At the N.P.L., the manganin wire, rolled under the form which it 
vill occupy on its supporting core, is annealed at 500 degrees, 
reated with acid, and then placed on its supporting core without 
yeing subjected to any mechanical deformation. The layer of lac- 
juer which is intended to protect the wire against the action of the 
yetroleum bath in which it is submerged, is made as thin as possible. 


JI. COMPARISON OF THE 
STANDARDS FROM DIFFERENT LABORATORIES 


Mr. Pérard drew direct attention to the fact that the reference 
emperature of the units should be standardized. In European 
countries, this temperature is 20 degrees centigrade; but in the 
Jnited States and Japan, it is 25 degrees centigrade. 

Mr. Pérard requested that this temperature should be fixed, and 
sroposed 20 degrees centigrade. 

Mr. Crittenden (United States), and Mr. Nagaoka (Japan), 
yointed out that in their countries, the temperature was close to 
5 degrees centigrade. They indicated the difficulty there would be 
n keeping the standards at a temperature lower than the ambient 
emperature. Nevertheless they agreed to the temperature of 20 
legrees centigrade for standards intended for international compari- 
on. 

This agreement was recorded in a resolution. 
Resolution 1, at the end of the report.) 

The transport of standards from one laboratory to another, in- 
rolves certain difficulties. 

In a note sent to the committee, the Electrotechnical Laboratory 
yf Tokyo described the boxes which it utilized for the transport of 
tandard cells. 

Certain laboratory representatives pointed out, however, the 
lifficulties that custcmhouse administrations had given them, and 
isked whether it would not be possible to use the consular bag 
valise diplomatique) for standards intended for international com- 
yarison. 

It was decided to ask the president of the International Committee 
f Weights and Measures to take the steps necessary for having 
tandards intended for international comparison accepted for trans- 
ort in consular bags (Resolution 2). 

Messrs. Pérard, Romanowski, and Roux reported on comparisons 
nade at the International Bureau of Weights and Measures, of 
tandards of resistance and of electromotive force from laboratories 
epresented in the membership of the Committee. 

The results were rendered comparable by taking for the mean value 
f the units, the arithmetrical mean of the units in the 6 laboratories, 
nd by indicating the difference between the unit of each laboratory 
nd this mean. 

The representative of the Laboratoire Central, Mr. Jouaust, stated 
hat the units of the establishment to which he belonged differed the 
dost, particularly as regards the mean value of the resistance units. 

The cause of these divergences of 7 hundred-thousandths had 
lot, of course, escaped him. In view of accidental error, he asserted 


(See appended 
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that the Laboratoire Central intends to modify the value of its 
standards, so as to bring them into agreement with those of the 
other 5 laboratories. 

By employing only these 5 values, in the establishment of the 
average, the difference between the resistance units of these labora- 
tories and their average would then appear as follows (at the date of 
March 15, 1935): 


Por: hic ad asct sein onths 
N.B.S. — 5.5 millionths 
IN-P2I: ......— 8.6 millionths 
FDI Sa iach a thie tat ctialoiete > 12 mm lionths 
UE SAS Sareea) isso ehurnts. 002 vos os ses tt 10,6 millionths 


The above differences are small; but nevertheless it may be 
necessary to take them into account in certain cases. In con- 
sequence, Mr. Jouaust asked if the different laboratories could not 
follow the example set by the Laboratoire Central and modify the 
value of their unit for the purpose of standardization. 

This proposition met with some opposition. The values of the 
units being due to be changed shortly, to be expressed in absolute 
units, certain members of the committee considered that it would 
be preferable to await that date before proceeding to the proposed 
standardization. 

Others did not consider themselves authorized to accept any change 
in a standard of their country, however small. 

Nevertheless, the Committee concluded by adopting resolution 4. 


IV. FrIrxING THE DATE OF 
MEETING FOR THE TECHNICAL SUBCOMMITTEE 


President Janet renewed attention to the agreement arrived at on 
this matter by the Consultative Committee at its last session. 

He insisted on the necessity of fixing this date for the subcommittee, 
pointing out that Japan proposed that this date should be set be- 
tween June and December 1936. He also asked the committee to 
specify the duties to be assigned to the subcommittee. 

All the members agreed that the 2 parts of the program indicated 
for the subcommittee still hold, and that the comparisons appearing 
in its program were only set up for the purpose of immediately fixing 
the values in absolute units. 

The 2 functions of the subcommittee are inseparable. 

It was unanimously agreed that it would only be possible to con- 
vene the subcommittee after a sufficient lapse of time to enable its 
members to carry out the comparisons themselves. Only certain 
ones could be effected. The principal task of the subcommittee will 
therefore be to discuss the values found and assign weights to them. 

The setting of the date for the subcommittee gave rise to some 
remarks from Mr. Von Steinwehr, who wished to leave the date to 
the president with power to fix it when he judged the work of the 
laboratories was sufficiently far advanced. It was finally decided 
to set the date at the beginning of the year 1937 (Resolution 3). 


V. EXAMINATION OF THE QUESTION RAISED BY THE INTERNATIONAL 
ELECTROTECHNICAL COMMISSION RELATIVE TO THE MKS System 


In opening the meeting, President Janet explained the conditions 
under which the matter was laid before the Consultative Committee. 

The Consultative Committee was appointed to inform the Inter- 
national Committee of Weights and Measures on questions relating 
to standards in the electrical field and in adjacent subjects. ; 

In giving advice to any other organization, it would be going out- 
side the limits assigned to it. 

The International Electrotechnical Commission should therefore 
have addressed its question to the International Committee. 

But it is almost self evident that the International Committee 
would wish to have the opinion of the Consultative Committee. 
But since the session of the latter preceded that of the International 
Committee, if the question had been transmitted directly to the 
International Committee, it would have been impossible to bring it 
before the Consulting Committee without a rather long delay. 

Under these conditions, with the approval of Mr. Volterra, presi- 
dent of the International Committee, Mr. Janet considered himself 
justified in placing the matter on the agenda of the Consultative 
Committee, it being understood that any opinion reached would be 
forwarded to the International Committee, which is alone competent 
to reply. The president asked the members of the Consultative 
Committee if they approved of the procedure he suggested. 

This procedure was unanimously adopted. 

On the other hand, the Consultative Committee forwarded to the 
International Committee a series of proposals anonymously received, 
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relating to questions of notation and nomenclature. The Committee 
then proceeded to an examination of the question presented by the 
EXC: 

The question is set forth in a communication from Mr. Lombardi. 
Moreover, the members of the Committee were in possession of 
various documents on the subject, emanating from Sir Richard 
Glazebrook and from Messrs. Kennelly, Campbell, Giorgi, Emde, 
Wallot, and Bennett. 

Mr. Lombardi presented his memoir with comments. From this 
presentation, it appears that the original form of the mks system, 
as given by Mr. Giorgi and strongly endorsed by Mr. Campbell, 
should comprise 4 fundamental units of which only 3, the meter, 
the kilogram, and the second were originally indicated. The fourth 
should now be fixed in such a manner as to permit of incorporation 
into a coherent system the well-known practical units of current, 
electric quantity, electromotive force, capacitance, resistance, in- 
ductance, and magnetic flux. Messrs. Giorgi and Campbell have 
proposed the international ohm for the fourth unit, in view of the 
large number of its existing standards; but their proposal could not 
be entertained by the International Electrotechnical Commission 
after the decision by the International Commission of Weights and 
Measures, ratified by the General Conference of 1933, to substitute 
the absolute system for the international system. 

The I.E.C. did not consider that it could adopt the permeability 
of space unchanged since it has not the essential character of a unit 
and is not susceptible of being embodied in a standard, but assumes 
different values in the rationalized and nonrationalized mks system 
between which no definite choice has yet been made, by international 
agreement. For this reason the I.E.C. considered that the choice 
should be limited to the 7 practical units above referred to, which 
from a theoretical standpoint are equivalent in this regard, and which 
being dependent on the absolute cgs system are necessarily related 
to the unity value of space permeability. With reference to the 
ease of construction and comparison of standards, Mr. Lombardi 
has shown in his paper some preference for the unit of resistance 
without losing sight of the fact that certain among the other units 
might possess similar advantages, and that the creation of a primary 
standard could only be effected to an approximation quite sufficient 
for practice without possessing the absolute invariability attribut- 
able to the other fundamental units of length, mass, and time selected 
arbitrarily and represented to some extent conventionally by concrete 
standards maintained at Breteuil. 

Mr. Janet drew the attention of the committee to the opinion of 
Sir Richard Glazebrook, president of the S.U.N. commission, defi- 
nitely expressing the opinion that the fourth unit should be the 
magnetic permeability of vacuum, to which in the mks system would 
be given the value 10~7; so that the electrical units of the mks 
system would be the practical units of the absolute system. He also 
read a letter from Sir Joseph Petavel, stating that the executive 
committee of the National Physical Laboratory supported this pro- 
posal. 

Mr. Sears observed that in making a selection of a fourth unit at 
the request of the I.E.C., the committee accepted by implication 
the mks system, so far as concerns tke electrical units. But the 
mks system is essentially the same as the cgs system, there being 
only a difference of powers of 10. 

Therefore the committee should not assign any superiority of 
choice, and should manifest no preference. 

By a large majority, the committee decided for a selection of the 
permeability of space. Mr. Nagaoka, representing Japan, abstained, 
and Mr. Crittenden stated that his opinion was a personal one. 

On the observation by Mr. Lombardi, that the solution indicated 
by the committee was aside from that sought by the I.E.C., and that 
the committee should only select from among the 7 units already 
referred to, the president consulted the committee anew under the 
following form: If the solution of fixing the value of space perme- 
ability were set aside, which electrical unit would you propose to 
introduce for definition into the mks system? 

By the feeble majority of 4 votes against 3 and 1 abstention, the 
committee declared for the ohm, after a protest from one of the mem- 
bers at the limitation imposed on the opinion asked for, in the form 
of the question raised by the I.E.C., and finally a draft opinion drawn 
up by Messrs. Pérard and Jouaust, appearing at the end of the present 
report, was approved by the committee. (Resolution 5a.) 

The day after the above discussion, Mr. Sears read a note which 
he had drawn up. To a question from one of the members, ‘he ex- 
plained that the values given in paragraph 5 below only represent 
an ideal series of derived units from among a number of possi- 
bilities, and that this plan should not be taken as definitely assigning 
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the procedure to be followed in the practical development of stand- 
ards. 

He showed by way of example, the possibility of deriving, prac- 
tically, all of the electrical units from the construction of an induct- 
ance. 

The proposals of Mr. Sears, which are not in opposition to the 
preceding decisions of the committee, were much appreciated by the 
members, who expressed the opinion that Mr. Sears’s note, whose 
text is appended (Resolution 5b) should be transmitted to the 
International Committee, along with the opinions previously ex- 
pressed. 


VI. VISITS 


The members of the committee were invited by Mr. Janet to visit 
the rooms of the Laboratoire Central d’Electricité, where researches 
are made on electrical units, and to examine the apparatus in course 
of construction for the determination of the ohm in absolute measure. 

Before concluding, the committee voted its thanks to Mr. Janet 
for the manner in which he had directed the discussions, and to Mr. 
Perard for his care in securing the successful operation of the sessions, 
and especially for assuring the advance distribution of the documents 
needed in the committee’s work. Mr. Jouaust, of the Laboratoire 
Central d’Electricité, was appointed secretary for the session of 
1935. 


RESOLUTIONS VOTED BY THE CONSULTATIVE COMMITTEE 
ON ELECTRICITY IN ITs SESSION OF SEPTEMBER 1935 


Resolution 1. For international comparison of electrical stand- 
ards, the values reported will be those corresponding to a temperature 
of 20 degrees centigrade, unless an exception is justified. 


Resolution 2. The Consultative Committee requests the Inter- 
national Committee to pass a resolution, which should be transmitted 
to the interested governments, to the end that delicate instruments, 
and especially electrical standards, may be transported through the 
medium of the consular bag, (valise diplomatique), so as to avoid 
opening at customhouses, full liberty being, however, allowed to 
those laboratories that may prefer some other mode of conveyance. 


Resolution 3. The Consultative Committee decides to fix at 
first the meeting of the technical subcommittee at the beginning of 
the year 1937. The Consultative Committee will then meet in the 
course of that year, a few days before the regular session of the 
International Committee of Weights and Measures. 


Resolution 4. The Consultative Committee on Electricity records 
with satisfaction the decision taken by the Laboratoire Central 
d’Electricité, to modify forthwith the magnitude of its unit of electri- 
cal resistance, as well as that of its unit of electromotive force, by 
some few hundred-thousandths, in order to bring them into agree- 
ment respectively with the corresponding averages of the values for 
these units as they are maintained in the 5 other great national! 
laboratories: The Physikalisch Technische Reichsanstalt, the 
National Physical Laboratory, the National Bureau of Standards, 
the Electrotechnical Laboratory of Tokyo, and the Metrologica! 
Institute of the U.R.S.S. 

The Consultative Committee: Considering in that case how very 
small would be the deviations of the ohm unit and volt unit in each 
of the 5 laboratories from the respective averages above mentioned, 
the greatest deviation for either the ohm or volt scarcely reaching 
11 millionths; and considering the great importance which would be 
presented by unification of electrical units in the near future in all 
countries; suggests to the different laboratories, each acting for 
itself, and as soon as an opportunity may be offered, to adopt for the 
magnitude of the ohm and for the magnitude of the volt, respectively, 
the values defined by the above-mentioned averages. 


Resolution 5a. The Consultative Committee on Electricity, upon 
a question from the International Electrotechnical Commission, 
relating to the most suitable choice of an electric unit in the mks 
system, desires first to observe, that according to the Rules of its 
Constitution, it can only communicate with the International Com- 
mittee of Weights and Measures. Nevertheless, with the consent of 
the president of the International Committee, it decided to consider 
the question presented, the opinion reached being reported to that 
committee, which alone is competent to make reply. 

The Consultative Committee first desires to state that a distinct 
majority of its members present expressed the opinion that the link 
between the mechanical and electrical units should be effected by 
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assigning the value 10-7 in an unrationalized mks system, and 
4r°10~7 in a rationalized system, to what is commonly called the 
permeability of space. 

As to the remark that the form in which the question was put 
limited the choice to the 7 practical units, coulomb, ampere, volt, 
ohm, henry, farad and weber, the committee unanimously considered 
that the choice should only fall either on the ampere, defined as 
10~ of the cgs electromagnetic unit, or on the ohm, defined as 109 
egs electromagnetic units of resistance, these 2 magnitudes, corre- 
sponding to the values of 10-7 or 47-10~? for space permeability, 
as above mentioned. 

By vote, the committee pronounced in favor of the ohm against 
the ampere by the small majority of 4 against 3, and 1 abstention. 


Resolution 5b. In the following session, Mr. Sears presented to 
the Consultative Committee the following document :* 


Note presented by Mr. Sears: 


1. The electrical unit magnitudes of the system sanctioned by the 
General Conference in 1933, are identical with those of the prac- 
tical units derived from the classical cgs system of Maxwell. 

2. These systems are based essentially on the conception of a 
constant value for space permeability, this value being in the Maxwell 
system numerically equal to 1. For the mks system unrationalized, 
this permeability would have the value 10~’, and for the mks system 
rationalized, the value 47-10—7. In each of these systems the co- 
efficient A* is taken as a purely numerical constant, to which is 
assigned the value unity so that it no longer appears in the equa- 
tions. The principal units of the 2 mks systems would thus be the 
same as those of the practical system, the adoption of which was 
sanctioned by the General Conference of 1933. 

3. The various electrical units can all be derived from this con- 
ception, by means of equations representing physical laws, and with 
suitably selected constants. In principle, no one of these units has 
priority over the rest. 

4. The definitions adopted for the principal electromagnetic units 
might be the following: 


(a) Ampere. The ampere is the constant current which, maintained in 2 parallel 
rectilinear conductors of infinite length, separated by a distance of 1 meter, pro- 
duces between these conductors a force equal to 2 X 10~7 mks units of force per 
meter of length. 


(6) Coulomb. The coulombis the quantity of electricity transported each second 
by a current of one ampere. 


(c) Volt. The volt is the difference of electrical potential between 2 points of a 
conducting wire carrying a constant current of one ampere, when the power 
dissipated between these points is equal to one mks unit of power (watt). 


(d) Ohm. The ohm is the electrical resistance between 2 points of a conductor, 
when a constant difference of potential of one volt, applied between these points, 
produces in the conductor a current of one ampere, the conductor not being the 
seat of an electromotive force. 

(e) Weber. The weber is the magnetic flux which, traversing a circuit of a 
single turn, would produce an electromotive force of one volt, if brought to zero 
in one second with uniform diminution. 

(f) Henry. The henry is the inductance of a closed circuit in which an electro- 
motive force of one volt is produced when the electric current traversing the 
circuit varies uniformly at the rate of one ampere per second. 

(g) Farad. The farad is the electrical capacitance of a capacitor between the 
armatures of which appears an electrical difference of potential of one volt, 
when charged with one coulomb of electric quantity. 


5. These units may be derived as follows: 


BREN D ELE ass eieseusctuersv ele woiels » sa esvete« Ampere ee eet te 
MPRETTOUS Da icles nce o's Oat tices Ampere-second fae pen a i 
Volt RP oa Niet, Loc wari einetersieote Watt perampere. 95 s26 acct Pit 
Ohm mh COLO RCRD eee AoE ere ore Volt per ampere late Sceocecion tay aan 
BED CRIMI M Te) oe Mis sexs cseyc Tensei: sree adie edoaye Volt-second eg Supt is EOL 
Henry See pee Olt-second perianipetes. cm ccnp. l as! 
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* In the course of the meetings of the International Committee of Weights and 
Measures, Mr. Sears asked permission to insert certain additions at the head of 
this note in conformity with suggestions made to him by Sir Richard Glazebrook, 
these additions not affecting the general meaning of the note. The following 
paragraph has therefore been added: 

Electromagnetic theory leads to the relation 
Ai = po X ko X 2 
between the 4 quantities there appearing. Of these, 
c is the velocity of the propagation of electromagnetic waves in vacuum 
Ho is the magnetic permeability of a vacuum 
ko is the permittivity of a vacuum 
A is a constant coefficient 
In order to have a theoretically complete system of electrical units, it is neces- 
sary to assign independent values to 2 of the 3 quantities A,o, and ko. The 
third will then be determined by the above relation. In each of these systems 
the coefficient A is taken as a purely numerical constant to which is assigned 
the value given above so that it no longer appears in the equations. The princi- 
pal units of the 2 mks systems would thus be the same as those of the practical 
system, the adoption of which was sanctioned by the general conference of 1933. 
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6. For the regular practice of laboratory measurements, at least 
2 primary standards of reference are needed and may be conveniently 
chosen among the various units. The 2 reference standards should 
be the ohm and volt, the former being produced under the form of 
coils and the latter under the form of Weston cells. 

7. For theoretical questions, such as the dimensional equations 
connecting the various units, the most convenient unit as a starting 
point for the derivation of the entire system of electromagnetic units 
appears to be the ampere, which is directly connected by simple 
relations not only with the fundamental base of the system; but 
also with the other electric and magnetic magnitudes, and which, 
moreover, has the advantage of eliminating fractional powers from 
the dimensional equations. In this respect, the ampere should be 
preferred as the fourth unit, in order to complete the mks system of 
electromagnetic units. 


This document met with a unanimously favorable reception in the 
Consultative Committee, which decided to transmit it to the Inter- 
national Committee without, however, finding it necessary to alter 
its vote of the previous day. 


Appendix Il—Intended Substitution of the 
Practical Absolute System of Electrical Units 
for the Existing International System 


The following information (as translated from the original French 
text) was approved for general publication by the International 
Committee of Weights and Measures at its meeting in October 
1935, at Sevres, France. 


1. In accordance with the authority and responsibility placed 
upon it by the General Conference of Weights and Measures in 
1933, the International Committee of Weights and Measures has 
decided that the actual substitution of the absolute system of elec- 
trical units for the international system shall take place on January 
1, 1940. 

2. In collaboration with the national physical laboratories, the 
committee is actively engaged in establishing the ratios between the 
international units and the corresponding practical absolute units. 


8. The committee directs attention to the fact that it is not at 
all necessary for any existing electrical standard to be altered or 
modified with a view to making its actual value conform with the new 
units. For the majority of engineering applications, the old values of 
the international standards will be sufficiently close to the new for 
no change, even of a numerical nature, to be required. If for any 
special reason a higher precision is necessary, numerical corrections 
can always be applied. 


4. The following table gives a provisional list of the ratios of 
the international units to the corresponding practical absolute units, 
taken to the fourth decimal place. Since differences affecting the 
fifth decimal place exist between the standards of the international 
units held by the various national laboratories and also because all 
the laboratories which have undertaken determinations of the values 
of their standards in absolute measure have not yet obtained final 
results, the committee does not consider it desirable for the present 
to seek a higher precision. At the same time, it hopes that it will be 
possible to extend the table of these ratios, with a close approximation 
to the fifth decimal place, well before the date fixed for the actual 
substitution of the practical absolute system for the international 
system. 


Table 
1 Ampere international = 0.999 9 Ampere absolute 
1 Coulomb international = 0.999 9 Coulomb absolute 
1 Ohm international = 1.000 5 Ohm absolute 
1 Volt international = 1.000 4 Volt absolute 
1 Henry international = 1.000 5 Henry absolute 
1 Farad international = 0.999 5 Farad absolute 
1 Weber international = 1.000 4 Weber absolute 
1 Watt international = 1.000 3 Watt absolute 
1 Joule international = 1.000 3 Joule absolute 
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ELECTRICAL ENGINEERING: 


Pull-In Characteristics 
of Synchronous Motors 


The differential analyzer has proved its 
worth in solving various types of difficult 
problems, of which the determination of 
the pull-in characteristics of salient pole 
synchronous motors is typical; but even 
with the aid of this device it has been 
necessary in solving this problem to make 
several simplifying assumptions. The dif- 
ferential analyzer recently completed at 
the University of Pennsylvania, however, 
is sufficiently comprehensive in design so 
that few assumptions are necessary, and the 
major electrical transients and mechanical 
forces may be taken into account. Typical 
solutions obtained by means of this ana- 
lyzer are presented herewith, together 
with practical pulling-into-step criteria. 


By 
D. R. SHOULTS 


ASSOCIATE A.I.E.E. 


S. B. CRARY 


ASSOCIATE A.1I.E.E. 


A. H. LAUDER 


ASSOCIATE A.I.E.E. 


All of the General Electric 
Co., Schenectady, N. Y. 


Gee attention las 
been devoted in recent years to the problem of 
pulling synchronous motors into step. The diffi- 
culties involved in the solution of this problem by 
past available means have necessitated several sim- 
plifying assumptions which have severely limited the 
application of the results. The recent completion 
of a large differential analyzer at the University of 
Pennsylvania has made it possible, for the first time 
to the authors’ knowledge, to obtain solutions of the 
phenomena of pulling into step, taking into account 
the major electrical transients and mechanical forces. 
Typical solutions given by this differential analyzer 
are presented in this paper, together with practical 
criteria for predetermining with engineering accuracy 
whether a given motor will or will not pull into step 
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under specified conditions. The important points 
brought out in the paper are briefly: 


1. A method is outlined whereby specific solutions of the pull-in 
problem, and similar problems involving the balanced 3 phase 
characteristics of a machine near synchronism (i. e., synchronizing 
out of phase, stability, hunting, etc.) may be secured accurately 
through the use of the differential analyzer. 


2. Consideration of the synchronizing performance of motors must 
be based upon the electrical as well as the mechanical transients. 


3. Motors with long time constants are sensitive to the angle of 
application of excitation, the most favorable angle being that where 
the field flux linkages are at a positive maximum. This corresponds 
with the point at which the field current crosses the zero axis, in- 
creasing in the positive direction. 


4. The pull-in characteristic of a motor when excitation is applied 
at the most favorable angle is determined largely by the field flux 
linkages existing at that instant. 


5. The average slip from which the motor must pull into step when 
excitation is applied under the most unfavorable conditions is deter- 
mined by the net average torque available with the field fully excited 
and the motor operating out of synchronism. 


6. The pull-in performance of motors for the most favorable and 
unfavorable angles at which the field excitation may be applied, 
can be calculated with a reasonable degree of accuracy by use of the 
criteria presented herein. 


NATURE OF Past INVESTIGATIONS 


In attacking this problem, other investigators®!° 
have assumed that the synchronous motor might be 
considered as 2 electrically independent machines: 
one developing only synchronous and reluctance 
torques without electrical transients other than that 
represented by an exponential rate of increase of 
synchronous torque; the other, an induction motor 
developing torque as a function of slip and angle. 
The effect of armature circuit resistance has been 
neglected, as has also the effect of rate of change of 
slip upon electrical torque. These investigations 
resulted in the establishment of empirical factors 
which were checked by laboratory tests on relatively 
small machines. 

Predictions based upon these factors indicate that 
the angle at which excitation is applied should make 
no material difference in the pulling into step per- 
formance of a synchronous motor having a long time 
constant. In actual practice it has been found that 
the performance of such motors is influenced mate- 
rially by the angle of application of the excitation.” 

Approximately 3 years ago, in studying this prob- 
lem, it was concluded that the synchronous and 
induction motor components of torque could not be 
separated entirely, and that it was of importance, 
in considering the synchronous component of torque, 
to determine the field linkages at the time the excita- 
tion was applied, and not merely assume that the 
synchronous component built up exponentially from 
zero. A few step-by-step swing curves were made, 
taking into account the electrical transients. These 
calculations indicated that it was, indeed, necessary 
to consider the linkages in the field circuit that were 
present at the time of applying excitation. The 
step-by-step method was so laborious, however, that, 
beyond proving the importance of considering the 
major electrical transients, little progress could be 
made. The nature of the problem was so involved 
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Fig. 1. Average in- 
duction motor torque 
for speeds higher than 
90 per cent synchro- 

nous speed 


Curve A—With discharge 
resistance 8.5 times field 
resistance 
Curve B—With field short- 
circuited 
Curve C—With rated field 


excitation 


that the differential 
analyzers then avail- 
able could not be 
used for its solution. 

Curve A of figure 
1 shows the induc- 
tion motor torque- 
slip curve of a typi- 
cal machine for the 
region near synchro- 
nism. It indicates 
that the relationship between slip and torque is 
approximately linear at speeds greater than 98 per 
cent synchronous speed, but departs materially from 
this for greater values of slip. An examination of 
curve B indicates that it is necessary to consider the 
modification in the induction motor torque once the 
discharge resistor is removed from the field circuit. 
This subject has been discussed in previous literature 
and needs no further explanation here.'* The impor- 
tant point is that if the motor does not pull into step 
immediately but slips several poles, the induction 
motor torque will be considerably less than that pre- 
viously developed by the motor with the discharge re- 
sistor in the circuit. This will result in an increase in 
average slip. A third effect is indicated by curve C 
which shows the net average torque developed when 
the motor is operating at a constant slip with full field 
excitation. The reduction in torque from curve 5 
to curve C is caused by the losses in the armature 
circuit resistance resulting from the applied excita- 
tion. 

In making the step-by-step calculations it was 
noted that the induction motor performance was 
modified when there was a relatively high rate of 
change of slip. This characteristic has been ob- 
served in induction motors that were accelerated on 
full voltage, without retarding intertia (WR?) or 
load, with a rate of acceleration such that the speed 
of the machines momentarily exceeded synchronous 
speed. The duration of the electrical transients was 
greater than the time required for the motor to 
pass from, say, 5 per cent to zero slip, thus producing 
a persistence of motor torque above synchronous 
speed for a short period of time. Identical phe- 
nomena were observed in some of the solutions ob- 
tained by use of the differential analyzer. 


PURPOSE AND SCOPE OF PRESENT INVESTIGATION 


The purpose of this investigation is to develop and 
present the results of a more general approach to the 
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synchronizing problem than heretofore has been 
available. Because of the number of variables in- 
volved in such an approach, a tremendous number 
of solutions would be required to determine families 
of curves giving the exact characteristics of all syn- 
chronous machines. Accordingly, such solutions 
were secured for particular machines as would pro- 
vide a basis for the development of suitable criteria 
for synchronizing under favorable and unfavorable 
conditions. These solutions encompassed variations 
in load torque, inertia, excitation, and angle of 
applying excitation. 


METHOD OF USING A DIFFERENTIAL ANALYZER 
IN SOLVING THE PULL-IN PROBLEM 


The method of solution was based upon the 
generalized 2 reaction theory of synchronous machine 
performance, using equations presented by Park,’ 
with such modifications as were expedient to put 
them in a form suitable for solution by means of the 


analyzer. The equations, as given in appendix I, 
are: 
; : dé 
esin 6 = pla — tig — vq — va Z (1) 
F dé 
ecos 5 = pig — tq + va t+ va F (2) 
va = —Xata + var + var (9) 
Wa = xaAgita — aa i (Wa — xaBaiEza1)dt (12) 
Wa = xdAdta — ade af (Wade — x¢BaxEzd1)dt (13) 
Wq = —%q"%q = saan fit = van f vt (22) 
dé A , 
sibel = —Tyt — if ate + if iat (23) 


These equations include the effect of armature 
circuit resistance. Their use assumes that the ma- 
chine is ‘‘ideal’’ as defined by Park,‘ and that the 
amortisseur winding can be represented with reason- 
able accuracy by one short-circuited winding in the 
direct axis and one in the quadrature axis. 

The analyzer was arranged to secure the simul- 
taneous solution of these equations. The set-up is 
shown in simplified diagrammatic form in figure 2. 
All factors such as scales, signs, and certain mechani- 
cal considerations involved in forcing the solution of 
the numerous simultaneous equations are omitted 
from this diagram. It is believed that a complete 
description of the functioning of the analyzer in 
solving these equations is unnecessary here as the 
subject has been covered adequately in previous 
literature.*1%11 It may be well, however, to call. 
attention to several specific features. 

The multipliers, which are inherently capable of 
less accuracy than the integrators, were used only 
in securing the quantities ¥,(d5/dt) and ya(ds/dt), 
which are small near synchronism. | 

An interesting feature of the set-up is that in- 
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volving the quantities pyz and py,, which were 
secured through the use of 2 integrators. Operators 
stationed at each of these integrators introduced 
bys and py, into the machine solution. These 
quantities then were integrated and, when the opera- 
tors were introducing them correctly into the equa- 
tions, their integrals were equal to ya and yq, respec- 
tively. Comparisons of these equalities were made 
by means of 2 differential gear units, or adders. 
The third element of each of the adders merely indi- 
cated whether the 2 quantities introduced into the 
the adder were equal in magnitude and of proper 
sign. The operators then manipulated the cranks in 
such a manner that the indicating elements of the 
adders remained stationary and thus correctly 
generated pyz and py,. The accuracy of this 
method may be subject to some question, but here 
again the quantities introduced were small near 
synchronism so that errors in them had an insig- 
nificant effect on the solution. 

Excitation voltage was introduced into the solu- 
tions, as a unit function, by adding the quantities 
xaBaly1 and xeBoly1 to the integrands of 
equations 12 and 13, respectively. At the same 
time, gear trains were modified to take account of 
the change in machine constants necessitated by the 
reduction in field circuit resistance. 

It is of interest to note that the free quantity in 
each equation corresponds to a dependent variable 
in the actual synchronous machine performance; 
that is, in equations 1 and 2 all quantities except ya 
and y, actually are driven either from integrator 
units, the time motor, or cranks turned by the ma- 
chine operators. 


INPUT TABLE MULTIPLIER 


OUTPUT TABLE 


In equations 9, 12, and 13, the free quantity is 14, 
assuming here that yz is driven from equation 2. 
In a similar manner y¥, results from equation 1 and 
1q from equation 22. Thus, the quantities deter- 
mined by the foregoing equations are primarily the 
direct and quadrature axis armature linkages and 
the corresponding currents. These are used in 
equation 23 in determining the electrical torque, 
which, together with an assumed constant load 
torque, determines the slip, dé/dt. Integration of 
this quantity gives the angle 6 which in turn is used 
on the input tables in determining, by the sine and 
cosine curves, the voltage applied to each axis. 

The equations as derived and placed upon the 
machine take account of armature circuit resistance, 
a factor that seldom is considered correctly in ma- 
chine calculations under transient conditions, be- 
cause of the difficulties involved. Should it be 
desired to neglect the effect of armature circuit re- 
sistance, considerable simplification in analyzer oper- 
ation may be made. Under this condition e sin 6 
= —y, andecos 6 = ya, and, accordingly, the 
operation of 2 integrators and the 2 multipliers will 
not be required. A few solutions were obtained in 
this manner to determine whether the amount of 
resistance included introduced an appreciable effect. 
When it was found that such was the case, all further 
solutions were made, including the effect of normal 
values of armature circuit resistance. 

The correctness and accuracy of the solutions 
obtained were checked in several ways. The average 
values of slip obtained, on runs corresponding to 
induction motor operation, agreed closely with the 
values of slip calculated in the conventional manner 
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Fig. 2. Schematic diagram of differential analyzer connections for solution of synchronous motor equations 
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The steady state displacement 
angles corresponding to synchronous operation 
checked with the calculated values. Several syn- 
chronizing runs that were repeated in part or in 
entirety, showed gratifying correspondence. The 
most frequent check of solution accuracy consisted 
of an examination of the equality of equations l, 
2, and 9. 


for the loads chosen. 


RESULTS OF SOLUTIONS 


The constants of a machine having induction 
motor characteristics as shown in figure 1, are: 


With Discharge 
Resistor Out 


With Discharge Resistor 8.5 
Times Field Resistance 


Lasts 3.0. 6 AIGO0 8 TOOT OO RICTEO URC WADE Tosa GociooobboStnoonen coe 1.0 

C8 thon OS OO BOOT RO DEOL EIO OU7OS Bova cbevarciersiekeravere (eter ctote tare Grerete 0.793 
Ole se no ADDO HOS OAT OM OO GOs ORSA@ IG ete telere-ciciele stetetersicral tes 0.341 
JAGR S ete ce CxO ES ORG ECA RCRA RCS OSG): iieo ats DONO OC DONO ED.COEO 0.521 
TAGS 3 Riek Ocoee EO EEE Ore CRO REET ee Oj JRE) Soojsaueanodomoaen er otcaco 0.160 
UPsis pou pT DOO OD ORC BOO UO OO OROOS TER ears sere intereerarsar weekereuste ers 0.000977 
CE 65 OCI CERO COREG CTO EC OG Olea eeercrvs scocevors coaseteropytclasrsks 0.1405 
Goils So Anbe.0 Bo COUNTED AGED OOS OM O4G 9 ieters = tan shotarereites eters? ares sutieteys 0.0469 
BST eo. Seed OD ERO PRICED OD EGON OCICS OSA ORDA DO LORY ONC LORE REID 681 

BBYD. 2 os 5 ho RG ACEO TOU OOO DOB OFIOU SOEOV CI Ca aoa SOOT Oe —3.43 
PV cy 0 0 OO SACLE OCR NERS CLO MHS ROD ORO ORO NCIC OREN Ce SCE RSI ECREDO aE 0.00312 
12 ie eo UO DICT AO OI ere OLSOS. sivorivetenac stelaeneers ora oats eral 0.898 


The performance of this motor is illustrated in 
figures 3, 4, and 5. 

The first step in determining the characteristics 
of a particular motor was to make several induction 
motor runs with selected load conditions. Each of 
these runs was carried to a point where the slip 
oscillations were repetitive. The settings of the 
integrator dials then were plotted for a complete 
slip cycle. The values from these curves were used 
in making initial settings for all subsequent syn- 
chronizing runs. This procedure assumes that the 
motor is permitted to attain its minimum average 
slip before field excitation is applied. 

Figure 3 shows the performance of this machine 
as an induction motor when carrying various loads, 
with the discharge resistor in the field circuit. The 
values of slip are plotted against angle for purposes 
of comparison, although a plot against time as an 
independent variable is also possible. This latter 
would be, of course, the result shown on the usual 
oscillographic record. 
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Fig. 3. Slip-angle relationship of induction motor 


cycle 


Curve A—Load torque 
Curve B—Load torque 
Curve C—Load torque 


38.5 per cent 
50 per cent 
60 per cent 


_ In accordance with the nomenclature under which 
the equations were derived, negative displacement 
angle denotes motor operation. Consequently, all 
curves in this paper in which angle is the abscissa 
progress from right to left in the negative slip region 
corresponding to induction motor operation. 

Curve A of figure 3 is particularly significant, indi- 
cating as it does that the motor almost attains syn- 
chronous speed each 180 degrees. This is primarily 
attributable to the component of torque contributed 
by the direct axis field winding. The sharpness of 
the peak in the slip curve is deceptive from the point 


of view of time, and it should be borne in mind that ~ 


the slip is plotted against angle and that the smaller 
the slip the greater the time interval for a given 
change in angular position. 

Figure 4 is a family of curves illustrating the per- 
formance of the machine in synchronizing 50 per cent 
load from the ultimate induction motor speed. The 
induction motor slip curve is shown as a broken line 
and each of the synchronizing curves has its origin 
on this curve. The curves that indicate synchroni- 
zation were carried only to the point where syn- 
chronous speed was reached. The form of the curve 
from this point to the steady state angular position 
is a spiral, a typical one being shown in figure 7. 
Some of the curves representing the performance 
where the machine did not synchronize have been 
carried sufficiently far to indi- 
cate that at the next minimum 
slip point the slip is greater 


than on the previous peak. 
This indicates that, for this 


load at least, the motor must 
synchronize on the first power 


swing or it never will synchro- 


nize, but at best will continue 


Fig. 4. Synchronizing performance 
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angles at which excitation was applied 
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with 50 per cent load 


The dotted curve represents the induction _ 
motor cycle; other curves are identified 
by numerals representing the respective © 


to operate at some subsynchronous speed. 

For 50 per cent load there are 2 angular zones in 
which excitation may be applied, resulting in syn- 
chronization. The most favorable zone is near the 
zero angle, but slightly in the motor region at an 
angle of approximately 330 degrees. This is the 
point at which the induced current in the field wind- 
ing passes through zero, increasing in the positive 
direction; here the field flux linkages are a maximum. 
If at this point the discharge resistor be removed 
from the circuit and excitation applied, conditions 
will be most favorable for the motor pull into step. 
This is indicated by the fact that when synchronous 
speed is attained, the deviation from the steady 
state angle is less when excitation is applied here 
than for the application of excitation at any other 
point. . 

A significant factor in the synchronizing of salient 
pole synchronous motors is that a discharge resistance 
many times the normal field resistance may be em- 
ployed in order to bring the machine to the maximum 
possible speed on its induction motor characteristic. 
This gives the motor field circuit a relatively short 
time constant. When, however, the discharge 
resistor is switched out, the field time constant is 
greatly increased, thus trapping the flux linking the 
field circuit at that time. The motor then operates 
in accordance with its transient rather than its 
steady state characteristics. The excitation, if ap- 
plied at the best angle, may have but little effect 
on the operation of the motor until synchronous speed 
is reached, except to maintain or slightly increase 
the initial trapped linkages. 

The curves (figure 4) showing performance where 
excitation was applied at 90 and 120 degrees indicate 
that the motor almost pulled into step 180 degrees 
ahead of the normal point, that is, it tended to 
pull-in under the influence of the trapped negative 
linkages; but as it did so the combined effect of 
armature magnetomotive force and applied excita- 
tion reduced the negative linkages to a point where 
the motor could not develop sufficient torque to 
reach synchronous speed. The time that elapsed 
while the motor was near synchronous speed was 
sufficient to enable the arma- 
ture reaction and applied exci- 


Where excitation was applied somewhat later, 
that is, at 60 or 30 degrees instead of 90 degrees, 
the motor did not speed up as it had previously but 
passed through the zero angle in a much shorter 
time with practically zero linkages in the field. It 
then was unable to synchronize at the proper angle 
and, because of the loss of induction motor torque 
caused by switching out the discharge resistor, 
slowed down and thereafter was unable to 
synchronize. 

The most unfavorable time for the application of 
excitation was at an angle of approximately 240 
degrees from which point the motor was unable to 
synchronize within that particular cycle because of 
the exceedingly short time before reaching the 180 
degree point. The field linkages, however, were in 
the positive direction so that the next part of the 
swing was in the generator region, which caused the 
machine to slow down materially. Besides the in- 
duction motor torque being lessened, there were 
additional losses in the armature circuit resistance. 

For a given value of field excitation there are com- 
binations of load and inertia (WR?) that may be 
synchronized from any angle even though excitation 
be applied at a slip considerably greater than that at 
which it normally would be applied. Figure 5 illus- 
trates the action of this motor on synchronizing 
381/, per cent load where the machine had been 
operating long enough for the field to have built up 
to its ultimate value. Each successive cycle shows 
the slip decreasing slightly until on the last cycle 
the motor finally synchronized. To indicate that 
this was the maximum load this motor could syn- 
chronize with field applied in this manner, the last 
cycle of this curve was repeated with a load of 421/, 
percent. The dotted line at the left side of the chart 
shows that the minimum slip point, after one cycle, 
was greater than the value at the beginning. This 
indicated that the motor never would be able to 
synchronize a load torque materially greater than 
381/, per cent if field were applied under the most 
unfavorable conditions. It also indicates that for 
loads greater than 381/, per cent, if the motor does 
not synchronize in the first swing it will not syn- 
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Fig. 6. Synchronizing performance 
of a machine with Ta’ = 0.33 


second; low excitation applied 


Curve A—Induction motor cycle 

Curve B—Zero excitation applied, field 
short-circuited at 300 degrees 

Curve C—95 per cent excitation applied 


at 330 degrees 
Curve D—40 per cent excitation applied 


at O degrees; steady state load angle 
332 degrees 


perhaps that it finally would 
settle down to some steady 
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chronize ultimately. Other runs on this particular 
motor showed that from the most favorable switch- 
ing angle, the machine could synchronize a maximum 
of 55 per cent load. A load of 50 per cent may be 
synchronized with field applied over a considerable 
range of angles as indicated in figure 4. This indi- 
cates a gain of approximately 40 per cent in the 
amount of load torque that may be synchronized by 
applying excitation under favorable conditions. 

From the user’s or operator’s point of view, prob- 
ably the greatest benefit to be obtained by properly 
applying the field excitation is the reduction of 
voltage dips. If the motor goes through several 
power swings in coming into synchronism, it may 
contribute materially to system disturbances in case 
its size is comparable with the feeder or system to 
which it is connected. In any event, the surge 
transmitted to the system in synchronizing will be 
a minimum when excitation is applied at the best 
angle and with the maximum possible average induc- 
tion motor speed, for under these conditions the 
minimum amount of energy will be drawn from the 
system in the synchronizing swing. Following one 
or more power swings, even with light load, where 
excitation is applied at too low a speed, the slip at 
zero angle is greater than it would be if normal 
induction motor action were taking place (see figure 
5). Thus the energy drawn from the system between 
zero angle and the point where synchronous speed is 
reached would be great even though the motor did 
synchronize, as the energy required is proportional 
to the square of the maximum slip. 

Figure 6 is included as a matter of interest. 
Curve 6 shows the synchronizing action of a motor 
in which no excitation was applied, but at an angle 
of 330 ‘degrees the discharge resistor was  short- 
circuited, thus effectively trapping the flux linkages 
that were in the pole at that moment. The motor 
pulled into step and then, lacking excitation voltage 
to maintain these linkages, finally swung out of step. 
Curve C illustrates the action where the amount of 
excitation applied at 330 degrees was only slightly 
greater than that required to maintain synchronism 
under steady state conditions. The motor went 
through the synchronizing performance with several 
oscillations about synchronous speed, indicating 
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operating angle. After a con- 
siderable lapse of time in a 
zone of unfavorable armature 
reaction, the flux linkages 
‘died down and the motor 
pulled out of step. This illustrates very clearly the 
fact that the initial performance of the motor is 
determined by the electrical transients rather than 
the steady state electrical phenomena. 

Curve D illustrates the performance of the motor 
where excitation almost double that necessary to 
carry the load torque under steady state conditions 
was applied at an angle of zero degrees. Under these 
conditions, the pull-in was more difficult because of 
the less favorable angle. After pull-in, a spiral was 
generated; but as excitation built up, the motor 
finally broke from the spiral and moved toward its 
steady state angle. 

A somewhat unique motor performance is indi- 
cated in figure 7. The family of curves is similar to 
that shown in figure 4, but represents the perform- 
ance of a machine with a higher resistance amor- 
tisseur winding and a higher value of discharge re- 
sistance. The trapped flux linkage phenomena is 
illustrated strikingly by the curves beginning at 90 
and 120 degrees. In both instances the motor 
reached synchronous speed under the influence of the 
trapped negative linkages, but then pulled out as 
the effect of the applied excitation was realized. 
The cycle beginning at 90 degrees resulted in ulti- 
mate synchronous operation while that from 120 
degrees did not, the difference resulting from a 
smaller amount of trapped negative linkages and a 
longer elapsed time for the former. 
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CRITERIA 


Criteria for pulling into step are presented in 
appendixes II and III for the performance of motors 
when the field excitation is applied at the most 
favorable and at the most unfavorable angles. 

The criterion for the most favorable angle as 
developed in appendix II is 


2Eq’ e 3 xa! — xq” Xq — Xo" 
Ii, S Leer efi C259) ream ed gi ee Tega 
TXd 8 Xxa'Xd XgXq 


E f max 2 
OfHs,? — Gee Veh (30) 


That is, in order to synchronize, the load torque ale 
should be less than the sum of the other terms. The 
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Fig. 7. Synchronizing performance we 


of machine with high resistance 


amortisseur winding 


0.02 
The dotted curve represents the induc- 


tion motor cycle; other curves are identi- 
fied by numerals representing the respec- 
tive angles at which excitation was 
applied 


| 
| 330° 
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first term inside the brackets 


results from the synchronous 


PER UNIT SLIP 
} 
fo} 
i) 


component of torque produced 
by the trapped flux linkages, 


-0.04 


the second from the amor- 


tisseur windings, the third 


from the inertia load, and the 
~0.06 


fourth from the primary circuit 
resistance losses. 


Both Ea’ (max) and So can be 
calculated for practical pur- 
poses on the basis of constant 
slip. The remaining coeffi- 
cients are constants for any 
givenmotor. This formula is adapted particularly to 
motors having long field time constants, as it assumes 
constant field flux linkages during the synchronizing 
period. However, for small machines with short 
field time’constants the terms 


2E ‘ max E f max 2 
eee) dy ee \iy 
axq’ Lad 


-0.08 


180 240 


can be replaced by 
2Ege ar 

=== ehetel a ee Vr 
TXq Xd 


respectively, in order to show the effect of a very 
fast time constant, that is, 
Tar =e Cite = r4'|- 
XqXq 


2Ege xq’ — xq” 
i tS es, aE TD 
TX 8 Sd vad 


2fHso? — (2): (30a) 
Xd 


If there bean appreciable difference between the 
load torque that can be pulled into step on the basis 
of constant field flux linkages (equation 30) as com- 
pared with that determined using equation 30a, a 
simple step-by-step calculation can be made to deter- 
mine the approximate time angle relation for the 
motor during the synchronizing period and a corre- 
sponding correction made as follows: 


xq! = xg” peices ; 
| pew, Lg os ; a Tq" 7 
Xa'Xa Xq%Xq 
E i max a 
OfH so — @ a) r\ (30b) 
Xd 


where k, is a correction factor to take into account 
the increase in the field flux linkages during the 
synchronizing period. 

Figure 8 is a diagram illustrating by means of 
areas the different components of equation 30 for 
the machine having the constants tabulated herein- 
before. The load component for the synchronizing 
period is represented by area A and the inertia com- 


Hayy! max)@ 
ore 18 — aE 3 es, 
TXd 8 
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ponent by area B. In order to synchronize, D must 
be greater than B + C. The criterion is. slightly 
pessimistic, for in accordance with equation 30 D 
must be greater than B + C + E, since the com- 
ponents of torque used in deriving the criterion 
were integrated from 0 to —180 degrees. This 
discrepancy is not great, as area F£ is small. 

The criteria as given by equations 30, 30a, and 
306 provide a comparatively simple method of pre- 
determining the load that can be pulled into step 
from the most favorable angle. These criteria 
checked the results obtained on the differential 
analyzer with good accuracy. 

The criterion for the most unfavorable angle as 
developed in appendix III is 


ae hn Se 
afHx¢ 


That is, Say) must be less than the right hand term 
of equation 38. This criterion is based upon the 
consideration that if. the motor is capable of pulling 
into step from a subsynchronous speed, after the 
field has been fully built up, it will be able to pull 
into step if excitation be applied at the most un- 
favorable angle, even though the motor may slip 
several poles. In equation 38, Siay) is the average 
slip resulting from the torque developed by the ma- 
chine when running out of synchronism with the 
field fully excited, and ky is the ratio between the 
average slip Sjay) and the total slip pulsation sy. 
From the differential analyzer results, k; = 0.55 
to 0.60. This value of slip, sjy) is approximated 
by the average slip during the last slip cycle, for 
example, curve B, figure 5. 

Equation 38 is almost identical with that given 
in reference 9, equation 5, if ke = 0.50, except that 
the average slip is determined by the net average 
torque available with the field fully excited (curve C, 
figure 1) and not by the induction motor character- 
istic with discharge resistor in the circuit (curve A, 
figure 1). 


(38) 
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NOMENCLATURE 


All constants are in per unit values in terms of 
normal kilovolt-amperes and voltage, and correspond 
wherever possible with established nomenclature.'*® 
The following definitions are in terms of a rotating 
field machine: 


Xd = synchronous reactance of direct axis armature circuit 

xg! = direct axis transient reactance 

xa” = direct axis subtransient reactance 

Naid = mutual reactance of armature with the additional direct 
axis rotor circuit 

Xafd = mutual reactance of armature with the main field 

xa(p) = impedance operator relating the direct axis armature 
flux linkages with the direct axis armature current 

Xq = synchronous reactance of quadrature axis armature 
circuit 

Xq” = quadrature axis subtransient reactance 

Xaig = mutual reactance of armature with the quadrature axis 
rotor circuit 

xq( P) = impedance operator relating the quadrature axis arma- 
ture flux linkages with the quadrature axis armature 
current aoe 

Xfid = mutual reactance of the main field with the additional 
direct axis rotor circuit 

Xd = self-inductive reactance of additional circuit in the direct 
axis 

= Xafd + additional direct axis rotor circuit leakage re- 

actance 

Xf fd = self-inductive reactance of main field circuit 

= Xafa + main field leakage reactance 

Xig = self-inductive reactance of rotor circuit in the quadrature 
axis 

G(p) = impedance operator relating the direct axis armature 
flux linkages with the field excitation voltage 

r = armature circuit resistance 

Rig = resistance of additional direct axis rotor circuit 

Rya = field circuit resistance 

Rig = resistance of quadrature axis rotor circuit 

e = system voltage 

Ea = direct axis voltage corresponding to the field excitation 

Eq’ = voltage back of transient reactance 
Xafd 
san Vfa 


Ed’ (max) = voltage back of transient reactance corresponding to the 
maximum field flux linkages during the induction motor 


cycle 

Ej = field excitation voltage 

va = direct axis armature winding flux linkages 

War = a component of direct axis armature winding flux link- 
ages (see equation 12, appendix I) 

a2 = a component of direct axis armature winding flux link- 
ages (see equation 13, appendix I) 

Vyfa = main field winding flux linkages 

vq = quadrature axis armature winding flux linkages 

td = direct axis armature current 

1g = quadrature axis armature current 

Lae = direct axis amortisseur (short circuit) time constant in 
electrical radians 

Tq” = quadrature axis amortisseur (short circuit) time constant 
in electrical radians 

ad = root of the denominator of xg(p) 

ag = root of the denominator of x¢(p) 

Aa = equation 17, appendix I 

Ag = equation 18, appendix I 

Ba = equation 19, appendix I 

Baz = equation 20, appendix I 

t = time in electrical radians; unit time is the time required 

\ for the rotor to pass one electrical radian at normal fre- 


quency 


p = fei 
H = inertia constant 
0.231 X WR? X (RPM)? 
% 10° X base kva 
Ss = slip 
So = slip at 6 = 0 when machine is running out of synchronism 
S(av) = average slip 
Sa = slip pulsation 
6 = angular displacement in electrical radians 
Ihss = mechanical load torque 
Te = electrical torque 
fi = normal frequency in cycles per second 
1 = Heaviside’s unit function used in this paper to indicate 
the application of voltage to the field circuit 
ki = a correction factor to take into account the increase in 
the field flux linkages during the synchronizing period 
ke = ratio between the average slip sjav) and the total slip 


pulsation sp p 


Appendix I—Fundamental Relations 


The following general relations are given by Park‘ for a synchro- 
nous machine: 


ed = pla — rid — WebO (1) 
eq = Pq — Tig + Yap (2) 
va = G(p)Efa — xalb)ta (3) 
vq = —Xq(b)tq (4) 
Te = igha — tag (5) 
where 


€éd = esin 6 


€g = ecos 6 
Hey pies 
ae dt 


when the machine is connected directly to an infinite bus. 

It is assumed that the amortisseur winding may be represented 
with reasonable accuracy by 2 closed circuits on the rotor, one in 
the direct axis, the other in the quadrature axis. On this basis the 
operators may be evaluated as follows:® 


P(X dXafd = X f,dX ad) ar xafaRyd 
P(XuaX fpa — X*pfia) + p(XuaRpfa + X¢faRia) + RiaRea 


G(p) = (6) 

xa(p) = xd — 

PX irdX*afa — 2X fidXaidXafa + Xffax7aid) + p(x afaRia + x?aiaRyza) 
P(XuaXppa — X*pad) + p(XnaRypa + XppaEa) + RiaRya 


(7) 


px aq 


Xq(P) = Xq — SR 


(8) 


Equations 3 and 4, which include the operational impedance 
operators, were modified in the following manner in order to bring 
them to a form suitable for solution by means of the differential 
analyzer: 


Let 
Wa = —Xata + Wa + Wae (9) 
where 
_ xa(Aapia + od BarEya) 
va = aye (10) 
_ Xd Aabta + odrBark za) 
va = peeias (11) 
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Fig. 8. Energy diagram where excitation is applied 
at the most favorable angle . 


To synchronize, D > B + C 
E—Refer to appendix II 


A—Load area 
B—Kinetic energy area - 


From equation 10, 


v io noe xaBaodtfa xaaq(A gpig + agBaiEza) 
= d — 
di d4 di p bp ee 
Hence, 
Wa = x“aAdita — aa WE (va — xaBaiEfa)dt (12) 
In a similar manner it may be shown that 
Vde = XadAgta — ade if (Yaz — xaBarEza)dt (13) 
From equations 3 and 9, 
Wai + Wao = [xa — xa(p) ta + GCP) Efe (14) 


The coefficients of equations 12 and 13 may be obtained by sub- 
stituting equations 6, 7, 10, and 11 in equation 14 and dividing both 
numerator and denominator of the right hand member by 
(XuaX ppd — X*fd). The denominator of the resulting expression is 


RiaRya 
X11gX ffd — X *fid 


XuadRga + XffaRia 
XiudX fia — X*fid 


p+ 


< 


and may be factored to obtain 
XuaRyq + XffaRia — 


ns aN XyaR'pa + X dR id — 2XuaRpaX fpaRig + AX’ naRiaR¢a 
te 2 XuaX pa — X*fia) 


(15) 
XuadRpatXffaRia + 
VS XaR pa +X ppaR 1d —2X aR yaX ppaRia + 4X paRiaRya 
2XuaX pra — Xp) 


ad = 
(16) 


where agi and ag represent the open circuit decrement factors of 
the field and amortisseur windings, respectively. 

The constant terms and the coefficients of p and p? in the identity 
resulting from equation 14 may be equated and solved simultaneously 
with the following results: 


x afaRia + x? aiagR¢a 


agi(x¢ — Xa") 


Aa = - (17) 
y xglagi — ade) Xda — ad2)(XuaX fa — X* fra) 

3; x afaRig + x aidRya _ eax(%a — xa") (18) 
OT xdlad — an)(XnaXppa — X*fia) xa oar — eae) 

Bie adi(XuaXafd — XpfidXaid) — XafdRid (19) 


Xaadi( ad = aq2)(X1dX ffd coat Xd) 
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x% fdRid — ad (XudXafa — X fidXaid) 


lien = (20) 
: xa agi — aq)(XuaXppa — X*na) 
From equations 4 and 8, 
4 Px 19 5 
= Sa SS = 
ve ee Aug Rig 
which may be expanded to 
: aig Rig PX aigig 
Wq hi tg Xq = = (21) 
Xig pXugq| PXug + Rig 
Substituting,® 
C7 eG ag and a 
= a ada Peg eae 
ee Sexe NLS ere 
there results 
vq = Xq"ig aa cas fet = agxrg fie (22) 


The summation of instantaneous torques acting upon the mechani- 
cal system must be zero. Consequently, accelerating torque = 


— electrical torque — load torque. Accordingly, 
hl es ae : 
4rfH Wate tdWq — tgva — Th (23) 
where 
.231WR? 2 
a 0.231WR*(rpm) (24) 


106 base kva 


Equation 23 is given in reference 4, equation 57A. 

The fundamental equations of a synchronous machine arranged 
for simultaneous solution on the differential analyzer are therefore 
equations 1, 2,9, 12 13, 22, and 23. 


Appendix IIl—Criterion for Synchronizing 
at the Most Favorable Switching Angle 


The criterion for synchronizing at the most favorable switching 
angle as derived in this appendix, is based upon the following 
assumptions and considerations: 

1. The most favorable time to apply field excitation is at the instant 
of maximum main field winding flux linkages when the polarity of 
these flux linkages corresponds to that resulting from the applied 
field excitation. 

2. The main field winding flux linkages existing at the instant the 
exciter switch is closed are constant during the synchronizing 
period, that is, the time from the instant the exciter switch is closed 
to the instant the slip is zero. This in effect assumes that the 
applied field excitation is just sufficient to prevent the armature 
reaction magnetomotive force from decreasing the field flux linkages 
during the synchronizing period. This is particularly justifiable 
in the case of large motors, where the synchronizing period from the 
best angle is relatively short compared with the field time constant 
when the discharge resistor is not in the field circuit. 

3. The synchronizing period is assumed to begin at 6 = 0, with 
field flux linkages corresponding to the maximum obtained during 
the induction motor cycle. This assumption is justifiable, although 
the maximum field flux linkages are not obtained at 6 = O but at 
about 330 or —30 degrees, since the electrical torque between 0 
and —380 degrees is not appreciably different whether the machine 
is running as an induction motor with the discharge resistance in 
or with constant maximum induction-motor-cycle flux linkages in 
the main field circuit. 

4. The synchronizing period is assumed to end at 6 = mw. This 
leads to a slightly pessimistic result. The error is small as the 
electrical torque is decreasing rapidly as a function of 6, at 6 = 180 
degrees. This error is shown in figure 8 by the small area EF. 

5. The torque developed by the amortisseur windings during the 
synchronizing period is assumed equal to the average of that obtained 
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on the basis of the slip remaining constant from 6 = 0 to 6 = m and 
* the slip decreasing linearly from s = s) at 6 = Otos = Oaté6 =r. 
This assumption was considered as a reasonable approximation 
from an analysis of the differential analyzer results. See figures 4, 
6, and 7 for switching at 6 = 330 degrees. 

6. Normal values of armature circuit resistance have been found 
to have a negligible effect on the induction motor components of 
electrical torque, while the effect of the synchronous component is 
taken into account approximately by adding to the synchronous 
component of torque determined by neglecting resistance, the term 


Ea’ (max) : , 
xa’ ; z 


Integrating equation 23 (appendix I), 


2rfH fe pe Tr, — T,)d6 + 2xfHs,? 
0 


Letting dé/di = 0 in 


(25) 


For synchronizing, dé/dt must equal zero. 
equation 25, and since 7, is a constant 


milling = i T.d5 — 2nfHs,? 
0 


where, on the basis of assumptions 2 and 6, equation 14 of reference 
3, and equation 61 of reference 5, 


(26) 


Jyh e e"xq' — xg) . 
Te = md (max) St) i CRE 
ae 2x4'Xq 
e(xqg! — xq” , e(%q — Xo” Bh 2 
2 Ge - a’) sTq” sin? 6 + astes 4 ) sry" cos? 6 + oe (ney) r 
%a'Xd XqXq Xd 
(27) 
In accordance with assumption 5, 
(28) 


ifs +(-2)4 


Substituting equation 28 in equation 27 and integrating with respect 
to 6 between 0 and —z, 


ai 2Ea'(max)é , 3 ea = Cah” 

ia leds cae + 3 CrSo ear 
%q — %q" Ea’ (max) \? 

XqXq" re | aa ( xg! as (29) 


Substituting equation 29 in equation 26, the criterion for synchro- 
nizing at the most favorable angle is 
x —<* uv 
or q qd v4") . 


2Eq' é Sal! = Agel! 
Tr < [ae 22 G85, (Sao : 
8 XqXq 


Th a 


mx! xglxa" 
Eq! 2 
2fHs.? — ea) r (30) 
Xd 


The first term inside the brackets of equation 30 results from the 
synchronous component of transient torque, the second term from 
the component of torque contributed by the amortisseur winding, 
the third term from the kinetic energy component of torque, 
and the fourth term from the armature circuit resistance losses. 
In using this criterion it is necessary to make a preliminary set of 
calculations in order to determine the average slip, 50, for a given 
load, and the quantity Ea’(max) when operating at this slip as an 
induction motor. These preliminary calculations can be made on 
the basis of constant slip, with sufficient accuracy for practical pur- 
poses. 


Appendix III—Criterion for Synchronizing With 
Excitation Applied at the Most Unfavorable Angle 


The criterion for synchronizing with excitation applied at the 
most unfavorable angle is based on the following assumptions and 


considerations. 
1. It is assumed that the motor will pull into step with excitation 
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applied at the most unfavorable angle if it is capable of pulling into 
step after slipping several poles with the field excitation fully built up. 
2. It is assumed that the fundamental angular component of elec- 
trical torque when running out of synchronism is equal to [(Eue)/xa] 
sin 6, where Eq is a voltage corresponding to the field excitation. 
This is essentially correct for this case since the average field current 
induced by the motion is approximately zero over a complete slip 
cycle. 
3. Since the pulsating component of synchronous torque produced 
by the field excitation when the motor is running out of synchronism 
is large compared with the other components of pulsating torque, it 
is assumed that minimum slip is 180 degrees from maximum slip 
(see figure 5). 
4. The electrical torque is assumed to be made up of a constant 
term, a fundamental angular component of torque (synchronous 
torque), and even angular harmonics of electrical torque (induction 
and reluctance torques). 

Integrating equation 23 (appendix I) from 6; to 6 in order to 


: dé dé 
find the magnitude of the slip pulsation, | Sp = a < ‘ : 


Da |) mer Tas 4 2 (ea (31) 
ALE oe | i em eae ae BEANE 

Since at synchronous speed (dé,)/(dt) = 0 the magnitude of the 
slip pulsation, sp, for the slip cycle before synchronization is equal 
to —(dé,)/(dt). Accordingly, equation 31 becomes 


52 


‘ (Tr + Te)d6 (32) 


QnfHsp” = 


In accordance with assumption 3, 62 = 6: — az, and equation 32 
can be expressed as follows 


51-™ Bae o\-1T 
QufHsy” = ks th sin 6d6 + (Ti + Ty) dé 


(33) 


where, in accordance with assumption 4, 


1D. 

T; = T, — — sin 6 = the constant component plus the even 
Xd 

angular harmonic components of the electrical torque. 


Since for a complete cycle, 


51-27 j1- E 
J (T, + Te)di = 0 and f rere 6d5 = 0 


61 oy Xd 
then 

b1-1T 
ah (T; + Tz) di = 0 (34) 

Substituting equation 34 in equation 33 and integrating, 

2Eae 
Qf sp .= Sel AREY (35) 
Xd 
or 
Ege 
yp = 6 
1 fH xa cos 61 (36) 


For the magnitude of pulsation to be a maximum, 6; = 0 and equa- 
tion 36 becomes 


Ege 


Ss = 
i \3 Xd 


Assuming the average slip to be kesp, the criterion for synchronizing 
from the most unfavorable angle is 


(37) 


S(av) < ke \ Fae 
afH xq 


where from the differential analyzer solutions k, = 0.55 to 0.60. 

Since the average slip can be determined approximately from 
calculations based upon constant slip, equation 38 provides a means 
for determining whether or not a motor will pull in from the most 
unfavorable angle. 


(38) 
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Discharge Currents in 
Distribution Arrresters 


With a view to augmenting the meager data 
available on the discharge currents through 
lightning arresters on electric power dis- 
tribution circuits, the investigation reported 
in this paper, which covered 4 power sys- 
tems of various voltages and in different 
sections of the country, was undertaken. 
Over the range of circuit voltages involved 
in this investigation (4 to 24 kv) voltage 
rating seemed to have no definite influence 
on the discharges. More negative than 
positive discharges were recorded, the ratio 
increasing as the discharge current in- 
creased. The maximum current recorded 
was 17,000 amperes. 
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Company of Chicago, the Detroit Edison Company, 
and the Georgia Power Company, having for its pur- 
pose the acquiring of data relative to discharge cur- 
rents through distribution lightning arresters as the 
result of lightning. Much valuable-work had been 
done on high voltage transmission lines during the 
preceding 10 years, leading to a better understanding 
of what hazards lightning may impose upon insula- 
tion and apparatus, both at the point of inception 
and as the result of wave travel along conductors. 
With the distribution circuit, however, conditions 
are frequently less definite, particularly with regard 
to insulation levels, effects of shielding, and effec- 
tiveness of grounding. Considerable data! have been 
published concerning the performance of distribution 
arresters, particularly as related to the failure of 
apparatus, but there have been almost no data 
available with reference to discharge currents through 
lightning arresters. 

In 1934 were published the results of a 4 year 
study of lightning potentials obtained through the 
use of the surge voltage recorder? on the distribution 
lines in Chicago, Ill. At 8 locations the lightning 
discharge current through a special arrester was de- 
termined by measuring the potential across ‘‘thyrite’”’ 
disks. Of 32 records obtained, 31 indicated currents 
of 300 amperes or less, while the remaining record 
indicated a current of the order of 1,500 amperes. 
These results were of too limited a character to per- 
mit drawing definite conclusions. 


Fig. 1. 
ground lead of lightning arrester to measure lightning 
discharge current 


Typical installation of magnetic links on 
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Later, currents of the order of 34,000 amperes 
through the common ground lead of 3 lightning 
arresters connected to a 24 kv circuit in a “non- 
shielded’ area were reported.* In obtaining these 
results, the size of the hole punctured through paper 
inserted between 2 electrodes was used to indicate 
the magnitude of the current, calibration having 
been obtained through the use of the impulse genera- 
tor and the cathode ray oscillograph. 

The wide difference between the results obtained 
in these 2 investigations indicated the necessity of 
obtaining in the present investigation a considerable 
amount of data over a wide range of circuit voltage 
ratings and locations. Summarized briefly, the results 
obtained during the first year of the present investi- 
gation are as follows: 


1. Circuit voltage rating, which sometimes may imply different 
line insulation, seems to have no definite influence on the occurrence 
of a discharge of given magnitude through a lightning arrester. 
The circuit ratings involved range from 4 kv to 11.95 kv for most of 
the installations. 


2. Lumping all the data together without reference to location, the 
preponderance of negative records becomes greater at the larger 
currents. There were about 9 times as many negative as positive 
records at 5,000 amperes, and 2 times as many at 500 amperes. 
Apparently, the higher values are attributable to direct strokes, 
while at low currents an increasing proportion is attributable to in- 
duced effects. 


8. The highest negative current measured was 17,000 amperes, and 
the highest positive current 14,000 amperes. 


4. On the average, current of a given magnitude will be discharged 
through a rural arrester 3 !/, times as often as through an urban ar- 
rester. 


5. A lightning arrester installed in a rural area may be expected to 
discharge a current of 5,000 amperes or more once in 26 years, while 
the same arrester installed in an urban area would discharge such a 
current on the average of once in 76 years. The data indicate for 
15,000 amperes or more an ‘‘expectancy”’ of 210 years for the rural 
arrester and 600 years for the urban arrester. 


6. In applying these results to predict the number of discharges on 
any line, considerable variation from the foregoing results may be 
expected because of variations in the number and severity of storms, 
the degree of exposure of lines, and density of arresters on the lines. 


130 Fig. 2. Number of records by months 
from August 1934 to August 1935 ob- 
tained from 582 urban and 643 rural in- 
1104 | stallations 
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SurcE Crest AMMETER USED 


Development of the magnetic link and surge 
crest ammeter? provided a simple and relatively 
inexpensive means of determining crest current. As 
used 2 magnetic links are mounted on a triangular 
wooden bracket as shown in figure 1, the bracket 
being placed over the arrester ground wire. The 2 
links were spaced approximately */, inch and 21/s 
inches from the arrester ground wire for most installa- 
tions. 

Two magnetic links with different spacings were 
used so that their current ranges would overlap, 
thus making possible the measurement of a large 
range of currents. After these installations were 
made, experience obtained from investigations in the 
laboratory and on high voltage lines with similar 
equipment indicated that lightning discharges are 
not always unidirectional. It was found also that 
readings obtained on the links, as already installed, 


Table I—Distribution of Surge Crest Ammeter Installations 


——<———= 


Surge Crest Ammeter 
Installations 


Rural Per Cent on 
Line Transformer or Interconnected 
Operating Company Ky Connection Urban Number Arresters** 
4 ..Grounded star...Urban..... PAV IOR Ot Oe BOCn 72 
Commonwealth 4 ..Grounded star...Rural..... OO ote ore stenereee 41 
Edison (Coreen 12 ..Grounded star...Rural..... S chelevelarits terenete 0 
{ 20 e Urban Dore wis aivere tote 
Ab 8 DD CLCE te in gerne Urban. .:. SO) Sancventrcene 0 
Detroit Edison Co... 438% Deltasiiauits see Rigrale ace BOO. clears ects 100 
2 Grounded..*....Rural..... NAN rn eto 
Edison Elec. Ilum. \ 4 Ungrounded star.Urban..... ZOOS ccscloci cies avake 100 
Co. of Boston..... 
203! Va Delta seeccetst Riatalee ses Soca nies 0 
red ia P C 6.9 WDeltacke varus Riuraleteciec Lb Se teste Ceci 100 
e Or ele OWE casetenptl, Sie Delta: arr tener Rural..... 1 Bille tates yer 84 
11.95..Grounded star..Rural..... Sth. plese eee 100 


Average length of service, corrected for difference in lightning severity for dif- 
ferent months, 1.1 years for urban installations and 1.2 years for rural installa- 
tions. 

* All surge crest ammeter installations on 2,300-volt single-phase circuits. 

** Lightning arrester ground and secondary neutral interconnected. 


would give information regarding any reversals or 
oscillations of the discharge current as well as the 
crest amplitude. . 

The current measurements obtained in this in- 
vestigation are based upon laboratory calibration of 
the magnetic links, using an impulse generator and 
cathode ray oscillograph.t The impulse generator 
circuit constants were varied to give different degrees 
of damping, so that calibrations could be obtained 
for currents with different degrees of reversal. 

The range of currents that can be read accurately 
with the surge crest ammeter, for the link spacings 
used, is from about 500 up to 5,000 or 7,500 amperes, 
depending upon the amplitude of reversal. Beyond 
these limits, knees in both ends of the magnetization 
curves make interpolation difficult on a scale of suit- 
able length for a field instrument. Also, unless links 
are selected carefully, the differences between the 
characteristics of individual links are likely to intro- 
duce appreciable errors in readings above the range 
of the surge crest ammeter. 
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Fig. 3. Relative numbers of positive 
and negative discharges 
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Fig. 4. Summary of 41 positive and 
48 negative records obtained from 
582 urban installations 


Curves in figures 4 and 5 show per cent of 

discharges whose magnitude was at least 

as great as shown by the corresponding 
crest amperes 
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Fig. 5. Summary of 115 positive 
and 207 negative records obtained 
from 643 rural installations 


Curves show number of discharges whose 
magnitude was at least as great as shown by 
the corresponding crest amperes. Based 
upon a total of 156 positive and 255 nega- 
tive records from 1,225 installations 


In this investigation, readings outside the range 
mentioned could be made with a fair degree of ac- 
curacy, because all links were measured with a ballis- 
tic galvanometer, which has a scale length many 
times that of the surge crest ammeter. Also, links 
that were found to be strongly magnetized were 
calibrated individually to eliminate errors from varia- 
tion in magnetization characteristics. 

These measures permitted currentsup toamaximum 
of 17,000 amperes to be measured fairly accurately, 
and also permitted currents less than 500 amperes, 
down to about 300 amperes, to be detected and read 
approximately. It is believed that the accuracy of 
measurement, except for the smaller currents, is 
within 10 per cent for single unidirectional waves or 
for damped oscillations of the type used in the labora- 
tory calibration tests. 

It is interesting to note that the smallest currents 
measured, when considered on a traveling wave basis, 
would correspond roughly to the lowest surge poten- 
tials that would be dangerous to typical distribution 
circuit insulation. Hence, practically all the current 
records obtained in the investigation represent surge 
magnitudes that would have been dangerous to un- 
protected transformers on the lower voltage circuits. 

The procedure with each of the co-operating 
companies was much the same, in that inspection 
was made after each storm in so far as conditions 
would permit. An inspector examined each link using 
a special magnetic indicator built for the purpose. 
If magnetism was indicated, the link was enclosed in 
a special magnetic shield and sent to the laboratory 
where its magnetization was determined by the use 
of a ballistic galvanometer. Individual magnetiza- 
tion curves were taken for many links on which 
records had been obtained outside the normal cali- 
bration range. After test, the links were demagne- 
tized and either held as spares or reinstalled. 
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A total of 1,225 installations have been in service 
for slightly more than a year, distributed as shown in 
table I. 


RESULTS 


It is of interest to note the number of records 
obtained from the 4 systems for each month of the 
year. In figure 2, these data are shown divided into 
rural and urban records. The plot shows clearly the 
greater number of rural records compared with those 
from urban areas. Lightning during the months of 
May and September appears to be about half as 
severe as it is during July or August. 

Polarity of Current. A total of 156 positive and 
255 negative records (figure 3) was obtained from 
all of the 1,225 installations. Of a total of 411 
records, 3 or 0.73 per cent were of 15,000 amperes 
or more, the highest being 17,000 amperes; these 
were all of negative polarity. The 2 highest positive 
values recorded were 9,000 and 14,000 amperes, 
respectively. At 5,000 amperes negative discharges 
were recorded about 9 times as frequently as were 
positive discharges. As the current becomes less 
this ratio decreases, being about 2 at 500 amperes. 

It has been well established through the results of 
studies on high voltage transmission systems that 
direct strokes to lines are predominantly negative. 
Induced effects resulting from nearby strokes there- 
fore will be predominantly positive, and of course 
will be of smaller magnitude. This probably ex- 
plains the preponderance of negative records at the 
higher currents obtained in this investigation, and 
the increasing proportion of positive records at low 
currents. 

Number of Records. With 411 records obtained 
on the 1,225 installations, approximately one record 
could be expected per arrester installation once every 
3 years on the average. The data, as given in figure 
3, show a total of 150 records of 1,500 amperes or 
more, which means, assuming the season recorded to 
be average, that an arrester could be expected to 
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discharge a current of at least 1,500 amperes once 
every 9 years. Ou the basis of 5,000 amperes or more, 
the total number of records is 38, indicating an ex- 
pectancy of one such discharge every 35 years. Using 
the same reasoning, 28 arresters per 1,000 installed 
would be expected to carry a discharge current of at 
least 5,000 amperes in an average year. 

Current Reversals. The majority of the discharges 
measured were found to contain reversals or oscilla- 
tions. These reversals were quite consistently smaller 
for the high current discharges, being of the order 
of 5 per cent of the crest current for 10,000 ampere 
discharges, and 40 per cent for 1,000 ampere dis- 
charges. 

Sufficient data have not been obtained to explain 
fully the cause or nature of these oscillations or 
reversals. However, their existence is indicated also 
by magnetic link records obtained on high voltage 
lines, and by recent oscillographic studies.° 

Urban Results Compared With Rural Results. In 
built-up sections, it is to be expected that the duty 
on lightning arresters would be less severe because 
of the shielding effect of nearby buildings and other 
conducting structures, and also because of the re- 
duced insulation resulting from the presence of 
grounded conductors on the same pole. In cities also, 
the density of arresters is likely to be higher, result- 
ing in less current through a given arrester. 

In figures 4 and 5, the data presented in figure 3 
are segregated according to their sources in urban 
and rural locations. It is recognized that the division 
between urban and rural may be on a somewhat dif- 
ferent basis in each of the systems studied, yet the 
great majority of the data so classified do represent 
comparable conditions. It should be noted that the 
curves are plotted in terms of per cent of total 
records rather than number of records as in figures 2 
and 3. This allows a direct comparison between the 
rural and urban data. Plotted on this basis, very 
little definite difference can be detected between the 
current to be expected at urban locations and that at 
rural locations. 

From 582 urban installations 41 positive and 48 
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Fig. 6. Expec- 
tancy of  dis- 
charge for urban 
and rural arrest- 

ers 


Curves show number 
of years at a given 
arrester location that 
may be expected to 
elapse before a cur- 
rent of at least the 
magnitude shown by 
the abscissa will pass 
through the arrester 
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negative records were obtained, while from 643 rural 
installations 115 positive and 207 negative records 
were obtained. In the urban areas there were 17 
per cent more negative than positive records, while 
79 per cent more negative than positive records were 
obtained from the rural areas. Of greater signifi- 
cance, however, is the comparison between thenumber 
of records obtained. When compared on the basis of 
an equal number of installations, 31/, times as many 
records were obtained from the rural areas as from 
the urban areas. Since the shapes of the curves in 
figures 4 and 5 are similar, about the same ratio 
will apply to all current values. Additional data yet 
to be obtained in the continued investigation may 
show that adjustment of the curve shape is necessary 
since sufficient data on high positive currents are 
lacking as yet. 

It is believed that the data obtained from this 
investigation will be of greatest use if presented in 
the form of expectancy curves, showing the number of 
years that may be expected to elapse before a current 
of a certain magnitude or greater passes through a 
given arrester. These curves will be modified of 
course as additional data become available, but the 
results thus far should represent a fair approximation. 
In figure 6 such expectancy curves are shown for all 
rural and urban installations, while in the following 
3 figures the data are broken down still further with 
reference to system voltage rating. 

Figure 6 indicates that a current of 1,500 amperes 
or more may be expected through a rural arrester 
once every 6 years, and once every 20 years through 
an urban arrester. At 5,000 amperes, the expectancy 
is respectively 26 and 76 years. Further study of 
figure 6 shows that a current of 15,000 amperes may 
be expected once every 210 years through the rural 
arrester, and once every 600 years through the urban 
arrester. Expressed in percentages, 0.17 per cent of 
the urban and 0.48 per cent of the rural arresters 
would be expected to discharge 15,000 amperes once 
during each year for which the lightning severity is 
equal to that covered by this investigation. 

Since the time duration of currents could not be 
measured by the magnetic links, it should be rec- 
ognized that the current amplitudes alone are not 
a direct measure of the severity of duty on the ar- 
resters. A relatively low current of long duration 
may represent more severe duty than a very high 
current of short duration. However, it is significant 
that distribution arresters are available which appear 
to have discharge capabilities entirely commensurate 
with discharge duties on distribution circuits. More 
than 60 per cent of the field measurements involved a 
type of arrester with which no recorded discharge 
resulted in any failure of either the arrester or the 
protected transformer. This type was subjected to 75 
per cent of the recorded discharges of 10,000 amperes 
or more, including the highest current of 17,000 
amperes. 

Effect of Interconnection of Arrester Ground and 
Secondary Neutral. An attempt was made to deter- 
mine from the data what improvement in the pro- 
tection of apparatus had been obtained at the 
locations where arrester grounds were interconnected 
with secondary neutrals. However, there were so 
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Fig. 7. Comparison of (A) 11 records ob- 
tained = on 69 installations on 4-kv  star- 
connected rural lines of the Commonwealth 
Edison Company, and (B) 71 records ob- 
tained from 300 installations on 4.8-kv 
delta-connected rural lines of the Detroit 
Edison Company 


Figs. 7to9. Comparison of records 
obtained on different ?systems 
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Fig. 8. Comparison of (A) 18 records ob- 
tained from 252 installations on 4-kv star- 
connected urban lines of the Commonwealth 
Edison Company, and (B) 67 records ob- 
tained from 298 installations on 4-ky star- 
con ected urban lines of the Edison Electric 
Illuminating Company of Boston 
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Fig. 9. Comparison of (A) 75 records ob- 
tained from 74 installations on 6.9-kyv delta- 
connected rural lines, (B) 70 records ob- 
tained from 96 installations on the 11.5- 
kv delta-connected rural lines, and (C) 
86 records obtained from 81 installations 
on the 11.95-kv_ star-connected rural 
lines of the Georgia Power Company 


Curves show number of years at a given arrester location that may be expected to elapse before 
a current of at least the magnitude shown by the abscissa will pass through the arrester 


few installations that were not interconnected, and 
there were so few cases where protection of apparatus 
was not obtained, that no conclusions could be 
drawn. It may be that data to be obtained during 
the continuation of this investigation will make 
possible definite conclusions regarding this point. 

Effect of System Voltage. Figure 7 compares the 
results from the 4 kv rural circuits of the Common- 
wealth Edison Company with those from the 4.8 kv 
rural circuits of the Detroit Edison Company. 
Although the Chicago results are from grounded 
neutral circuits while in Detroit the primary circuit 
is connected in delta, it is believed that the decreased 
“expectancy” in Detroit, which means more records 
per year, is probably attributable to greater exposure 
rather than the type of circuit employed. The 
Chicago installations, although they have been classi- 
fied as rural, are probably in more urban territory 
than the other installations in this classification. 
Comparisons of this type between different locations 
are of very doubtful value at best, because of the 
great variation that is likely to exist in storm severity 
and number of storms. The United States Weather 
Bureau reported 82 thunderstorms in the Chicago 
area during the period of this investigation, com- 
pared with 36 in the Detroit area. The number of 
thunderstorms of course is not in itself a direct 
measure of the lightning severity to which distribu- 
tion lines are subjected. 

A similar comparison is made between the urban 
results from 252 installations on the 4-kv grounded- 
neutral system of the Commonwealth Edison Com- 
pany and those from 298 installations on the 4-kv 
star-connected ungrounded circuits of the Edison 
Electric Uluminating Company of Boston (figure 8). 
Here again, there is probably considerable difference 
in the type of territory. The Boston installations 
are in suburban districts that are not built up to the 
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same extent as the urban districts in Chicago with 
which they are compared. There were only 18 thun- 
derstorms in the Boston area compared with the 82 
in Chicago. 

_ The results from lines of different voltage ratings 
in Georgia offer a better comparison, being all on 
the same system, although a considerable difference 
in storm severity probably exists because of the large 
territory covered. The Weather Bureau at Atlanta 
reported 69 thunderstorms during this investigation. 
The data, shown in figure 9, are all from rural installa- 
tions. Since the number of installations were 74, 96, 
and 81, respectively, for the 6.9, 11.5, and 11.95 kv 
circuits, the data have about equal weight from the 
point of view of equality of chance. The2 11 kvex- 
pectancy curves differ by a ratio of approximately 
2 to 1 with insulation levels and types of construction 
approximately the same. 

Considering the results of the 3 circuits together, 
no conclusion can be drawn with reference to circuit 
voltage. More data over a longer period of time 
will help to average out the effect of local storms 
which apparently give one circuit rating a more 
severe duty than some other. 
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Lightning Protection 


of Distribution Transformers 


Data on the results of lightning protection 
for distribution transformers on the system 
of the Georgia Power Company have been 
compiled, to determine the improvement 
resulting from changes which have been 
made, particularly the interconnection of 
the ground leads of the primary arrester 
with the transformer secondary neutral. 
The data indicate that such interconnection 
has not produced all the benefits expected. 
The experience with lightning protection is 
presented in an impartial manner, and with- 
out attempting to offer a solution of existing 


problems. 
By 
2 M. FLANIGEN Georgia Power Company, 
MEMBER A.].E.E. Atlanta 


Tus system of the Georgia Power 
Company covering almost the entire State of Georgia, 
is exposed to lightning practically every month in the 
year. Transformer and lightning arrester losses 
have been higher than reported in other sections of 
the country, and a careful study is being made in an 
effort to find out what remedies can be applied. 

In 1932, when interconnection of the ground lead 
of the primary arrester with the transformer secon- 
dary neutral came into prominence, it seemed that 
the answer had been found. Very careful investiga- 
tions were made, and after full consideration it was 
decided to interconnect grounds as quickly as pos- 
sible. However, it was late in 1932 before the work 
could be started, and comparatively few installa- 
tions were made before the 1933 lightning season. 

The results for 1933 seemed to indicate a marked 
improvement. There were practically no failures of 
interconnected transformers, and very few fuses 
blown. With such encouraging results it was ex- 
pected that, as further interconnection was made, 
the good record would continue. 

At the beginning of the 1934 season, approximately 
1/, of the transformers were protected by intercon- 
nected lightning arresters. The season was one of 
the worst in many years; not only was there more 
lightning, but it was more severe. Transformers 
failed, fuses blew, and arresters were blown off the 
line. Naturally, an effort was made to investigate 


A paper recommended for publication by the A.I.E.E. committee on protective 
devices, and scheduled for presentation at the A.I.E.E. winter convention, New 
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each case and determine the cause of failure. In 
most cases, the reason for the failure could be found, 
but in too many cases there was no apparent reason. 
The work of interconnection was continued, and 
at the beginning of the 1935 season approximately 
80 per cent of the arresters were interconnected. 
This year there have not been as many failures, but 
it is felt that there have been too many. This is 
evident from the curves of figure 3. | These curves 
do not indicate a very marked or definite improve- 
ment in the operation of the system as a whole. 


CONSIDERABLE DATA COLLECTED 


Various studies have been made—weather bureau 
reports have been carefully analyzed to see if any re- 
lation existed between failures; storm days, rainy 
days, temperature, and even wind conditions were 
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Fig. 1. 


Relation between weather conditions and 
lightning troubles 


Figures are for the 12 months ending on the dates shown; 
Atlanta division only 


tabulated. There seems to be only one relation, and 
that is with lightning days. The greater the number 
of days with lightning the greater the number of fail- 
ures, and apparently the severity increased with the 
number of storm days. 

There seems to be a slight inverse relation between 
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rainy days and failures, and this is shown by the 
curves given in figure 1. These curves are made up 
of a total of 12 months, ending with the month 
plotted. Therefore, variations from month to month 
are smoothed out and a much more regular curve 
obtained. 

Referring again to figure 1, it will be noted that in 
-1933 there were about 130 rainy days, while in 1934 
this figure dropped down to 110 to 120, and in 1935 
back to over 130. It is an old saying that a thunder- 
storm coming before a rain will cause a great deal 
more damage than one following a rain, the explana- 
tion being that the rain decreases the resistance of 


Fig.2. Relation between 


trees, buildings, and other high objects and thus 
forms a drain to ground lessening the possibility of 
building up potentials in the clouds, and also the rain 
in falling transfers part of the cloud mass charge to 
earth. If this reasoning is true, then a lightning season 
with very few rainy days might be expected to be more 
severe than one with a greater number. 

Data are given in table I for the entire system and 
for the Atlanta division for the years 1932 to 1935, 
inclusive. Except during the 9 months of 1935, data 
with reference to the performance of interconnected 
arrester are incomplete. However, for the entire 


company in 1934, 1.7 per cent of the transformers 
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Table II—Summary of 1932, 1933, 1934, and 9 Months of 1935—2,300 Volt Overhead Transformer Failures From Lightning 
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with interconnected arresters failed, while 3.09 per 
cent without interconnection failed. For the 9 
months of 1935, the percentages were 0.81 and 2.12, 
respectively. Similar results are obtained for the 
Atlanta district. These resuits indicate that the in- 
terconnected performance was better by a ratio of 
somewhat more than 2 tol. Concerning fuse blow- 
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ings, a similar Seah? is found for 1935 in the Atlanta 
district, although fuses blown during lightning 
storms are not segregated. 

Table I also indicates a reduction in the percentage 
of arrester failures when the arrester is intercon- 
nected. Since this represents but 9 months of 1 
year, it may not be significant. Of course, with fur- 
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ther interconnection, the opportunity of further com- 
parison will be lost, it being possible only to compare 
one year with another, which will be affected by 
storm severity to a much greater degree. 

When making comparisons between interconnected 
arrester performance and those not interconnected, 
it is realized that they are not operating under identi- 
cal storm conditions; in fact, the differences over a 
state as large as Georgia are likely to be very marked. 

Tables II, III, and IV show the record of the past 
4 years by voltage class and kilovoltampere rating of 
transformers. These data show, as shown by other 
similar tabulations, that in general the smaller trans- 
formers in a given voltage class are more susceptible 
to failure. Presumably, these results are due in part 
to the age of transformers, their condition, and their 
size. It is somewhat surprising to note in table II 
that with the single exception of the 3 kva rating, the 
percentage of 2,300 volt transformers which failed 
outside of the Atlanta division is less than inside. 
When making this comparison attention should be 
called to the fact that the exposure in the Atlanta 
district is nearly as bad as in the outlying districts. 
No explanation has been found for the relatively 
poorer record in Atlanta. 

Attention should also be called to the increase in 
percentage of troubles with the transformers in the 


higher voltage ratings, as given in tables III and IV. 
The data show nearly 5 times as high a percentage 
failure in 11.5 kv transformers as was found with the 
2,300 volt transformers. No good explanation has 
been found for this as yet, and discussion from others 
on this point would be helpful. 


LIGHTNING SEVERITY 


That the severity of lightning increases with the 
frequency in a given area has been demonstrated by 
the records obtained from klydonograph records ob- 
tained from the Lithonia substation for 1934 and 
1935. When the storms were frequent the potentials 
measured appeared to be greater in magnitude. 

Another interesting point on the severity of light- 
ning was brought out by the use of recorders, and 
that is, the areas high above sea level are more sub- 
ject to lightning troubles. Although the frequency 
of storms reported by the U.S. Weather Bureau for 
the area around Brunswick is higher than for Atlanta, 
it was found in the studies discussed herein that the 
mountainous sections have more storms that can be 
measured than the lowlands of South Georgia. 
Therefore, the relation between frequency and se- 
verity must be confined to a given area. 

An interesting comparison of days with lightning 


Table I!|—Summary of 1932, 1933, 1934, and 9 Months of 1935—6,900 Volt Gyeherd Transformer Failures From Lightning 
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Table |V—Summary of 1932, 1933, 1934, and 9 Months of 1935—11,500 Volt Overhead Transformer Failures From Lightning 
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is that of circuit outages, shown in figure 2. The 
thunderstorm days are those reported by the 
Weather Bureau for Atlanta and naturally there are 
a great number of storms reported that do not cause 
outages. The days with outages shown for the 
transmission system cover the entire state and natu- 
rally exceed the storm days reported in Atlanta. In 
going over these records it is sometimes possible to 
follow a storm over the state. It may start in North 
Georgia and continue down the length of the state, 
taking 2 or 3 days. 


ARRESTER FAILURE 


One of the most difficult problems to solve is that 
of arrester failure. From the curves and tables it 
will be noted that failures on this system are high. 
In checking up on the number of arresters purchased 
since January 1927 and estimating the number now 
on the system, it is found that since 1927 almost 
enough have been purchased to have replaced every 
arrester. Thisis certainly true of the 6,900 and 11,500 
volt systems. 

An old saying of linemen and substation mainte- 
nance men is that arresters fail more frequently in 
areas of high ground resistance. This is contrary to 
all theory, but a number of cases are known where 
there was high ground resistance, and where arrester 
failures have been frequent. The grounds have 
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Fig. 4. Relation between ground resistance and 
arrester failures 


been treated to lower the resistance and the number 
of arresters failing has decreased. These cases are 
too numerous to pass by lightly, and indicate that 
something is lacking in the theory of arrester per- 
formance. 

In an effort to find the answer 176 cases of arrester 
failure were picked out at random and the resistance 
of the grounds was measured. The resistance was 
measured with the arrester ground disconnected from 
the neutral, and then measured with the ground con- 
nected to the neutral. The results are shown in 
figure 4, and it is apparent that there are very few 
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individual grounds with a resistance under 100 ohms, 
but this number is materially increased by connect- 
ing the arrester ground to the secondary neutral. 

On this curve is plotted also an average value of 
ground resistance, made up from some 800 different 
tests. While this small number will not reflect the 
true picture of the entire power system, it should be 
indicative of what might be expected. 

If it is assumed that the arresters are destroyed by 
surge currents the single electrode resistance would 
be expected to be the determining factor, as the surge 
impedance of one span of neutral would be so high 
that there would be very little benefit from it. Yet 
it is found that over 70 per cent of these failures have 


Table V—Analysis of 176 Cases of Arrester Failure 
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isolated ground resistance of over 200 ohms, and the 
lineman’s argument would be correct. 

If on the other hand it is assumed that leakage 
current and power follow current destroy the arrest- 
ers, the combined resistance would be the one to con- 
sider, and it is found that this curve follows very 
closely the curve of average values obtained in this 
study. This would indicate that taken on a percent- 
age basis the failure rate for each value of ground re- 
sistance is constant. Further analysis of these 176 
failures gives the results shown in table V. From 
these figures it would seem that ground resistance 
does not influence arrester failures. 


LOCATION OF ARRESTER 


On transformers with the neutral interconnected, — 
the arresters have been placed on the load side of the 
fuse. There were several reasons for doing this, 
although it was expected that there would be a few 
more outages. However, the number of fuses blown 
has been considerably higher than expected, and 
seems to indicate something lacking in the theory 
of interconnection. 

In view of the voltages that can be expected on 
distribution lines, it does not seem possible to have 
frequent fuse blowing from surge currents. The 
amount of power current flowing through the arrester 
during discharge should not be enough to cause fuses 
to blow. Yet they are being blown so frequently 
that the arresters are being changed so as to be ahead 
of the fuse, to stop these interruptions. 

The arrester was mounted on the transformer 
“kick” arm as this brought the arrester close to the 
equipment to be protected. The ground lead was 
brought across the arm to the pole and then down to 
the ground. The tie to the neutral was connected 
just under the arm and run up the pole to the secon- 
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dary neutral. The neutral lead of the transformer 
was connected to this secondary neutral about 18 
inches from the pole. Thus there was a rather long 
run from the arrester ground terminal to the neutral 
lead of the transformer. On 6,900 and 11,500 volt 
construction this distance was on the order of 12 or 
14 feet. 

It is impossible to say just what the surge imped- 
ance of this lead would be, but it is felt that it is high 
enough to cause in some cases an impedance drop to 
build up that will flash over the leads and bushings 
before the potentials are equalized. Therefore, the 
specifications are being changed, the arrester being 
placed on the hanger arm, and the neutral tie being 
carried directly across the top of the transformer case. 


CAUSES OF TRANSFORMER FAILURE 


The failures of interconnected transformers have 
been investigated wherever possible, and a great 
number of contributory conditions have been found. 
Most important of these are the following: 


1. Transformers having bad leads and bushings. 


2. Arresters that looked good on casual inspection but were found 
to be bad on closer inspection or on breaking. 


3. Close clearances in small transformers. 


4. Evidence of a direct stroke of lightning in the immediate vicinity 
of the transformer. 


5. The tie between the arrester ground and neutral seemed too long 
and probably its impedance was of such value that the transformer 
flashed over before the secondary winding and case were brought up 
to surge potential. This point has not been proved yet, and some 
tests under laboratory conditions may be made to determine what 
effect this will have. 


6. The ability of the transformer case to float, especially on a wet 
pine pole was studied very carefully, and it is believed the case 
should be tied in to the circuit directly or through a gap. However, 
this practice has not been started except on 6,900 volts and higher. 


REMEDIES 


In order to overcome the above conditions, the 
following changes in methods have been made: 


1. The test voltage has been raised on all transformers, both new 
and rebuilt, to 75 per cent of the new A.I.E.E. test voltages. 


2. When leads and bushings are replaced, the transformer is re- 
moved to the shop and new bushing and lead assemblies put in. 


3. Small cores and coils have been put in larger cases, i.e.,a 5 kva 
unit put in a 7.5 kva case. 


4. New type cases were purchased for 11,500 volt units and the old 
cases used for lower voltage units. 


5. The design of the transformer structure has been changed 
placing the arrester on the hanger arm and tying the grounds to- 
gether by a short tie directly across the top of the transformer to the 
neutral. 


6. The arrester ground is being tied to the transformer case, on all 
6,900, 11,500 and 13,800 volt transformers, thus making the neutral, 
case, and arrester-ground common. 


This paper is written to give others the benefit of 
experience on one power system, and is not offered 
with the idea that solutions to existing difficulties 
have been found. Some gain has been made through 
interconnection, and some of the changes which are 
to be made in the transformers and proetctive ar- 
rangement will, it is hoped, lead to improvement. 
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A New Trigger Circuit 
for Closing a Switch 


An electronic device is described for con- 
trolling the closing of a relay or switch at a 
predetermined point on the wave form of 
an a-c source. Current for closing the relay 
is controlled by a gas filled triode, the fir- 
ing of which is obtained by the distorted 
wave of a multivibrator. The output of the 
multivibrator is made to change phase with 
reference to the a-c voltage wave. The 
device is useful for the study of transients. 


By 
J. J. RUIZ 


ASSOCIATE A.1.E.E. 


Rensselaer Polytechnic 
Institute, Troy, N. Y. 


Sects devices have been de- 
signed for closing (or opening) a switch or contactor 
at a predetermined point on the voltage or current 
wave form. Thus, Kennelly and Nabeshima! used 
a commutator revolved by a synchronous motor, 
obtaining the phase shift by turning of contactors. 
H. R. Reed? used a similar device. A synchronous 
motor, however, has inertia and is subject to hunting 
which may affect the time of closing of the switch 
by several degrees. W. Orkney? used a gas or vapor 
filled electronic tube, the firing of which was con- 
trolled by a sinusoidal wave. In one of Orkney’s 
circuits, the firing was obtained at the peak of the 
sinusoidal wave where it is changing at its slowest 
rate; hence the results could not be reproduced 
closer than a few degrees. The circuit herein de- 
scribed uses an argon-filled 3-element electronic tube 
and the firing is obtained by superimposing a wave, 
having a very steep front and well defined peak, 
on the steady grid bias. The results obtained can be 
reproduced to within a fraction of a degree in terms of 
60 cycle frequency. 


DESCRIPTION OF APPARATUS 


The apparatus used consists of 3 principal parts. 
First, a gas filled triode, whose anode current con- 
trols the magnet or solenoid of the relay or contactor. 
In the present experiments, an argon filled tube was 
used, but any gas-filled grid-controlled tube will 
operate as well. Second, a multivibrator is used, 


A paper recommended for publication by the A.I.E.E. committee on electrical 
machinery. Manuscript received April 24, 1935; released for publication June 
13, 1935. 
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whose output is controlled by an a-c voltage from the 
same mains used on the contactor and load. The 
output of the multivibrator is added in series with 
the steady grid bias. The peak of the multivibrator 
wave initiates the discharge. Third, a phase shifter 
or similar device is used to produce a relative shift 
in phase between the multivibrator control and the 
a-c supply to the switch or contactor. The diagram 
of connections is given in figure 1, but before proceed- 
ing with an explanation of the method of operation, 
it will be best to describe the individual parts more 
in detail. 

The multivibrator‘ is a well known device used in 
the radio art to obtain a wave form very rich in har- 
monics, and as such it is used extensively for fre- 
quency multiplication. Briefly, it consists of a 2- 
stage capacity-resistance coupled amplifier, the out- 
put of one vacuum tube being fed back to the grid 
circuit of the other as shown in figure 1. The output 
of the second tube has the proper phase relation to 
the input of the first; thus the device will oscillate 
of its own accord. The wave form obtained has, in 
general, a very steep front® and is more or less rec- 
tangular in shape. With the tubes and values shown 
on figure 1, it was possible to obtain a wave shape 
with a very sharp peak, although for the purpose on 
hand, this extreme was not necessary. The period of 
oscillation is roughly of the order given by the 
product of the capacity of the capacitor C; and the 
resistance 7;. However, if one of the plate resistances 
is made very much larger than the other, it is 
possible, by the introduction of a small controlling 
voltage into the common plate lead, to bring the 
natural frequency of the multivibrator into exact 
synchronism with that of the controlling voltage, 
provided the natural frequency of the multivibrator 
is not far from that of the control. It has also been 
found® that the phase relation between the control- 
ling voltage and the output is constant and permanent 
for a given set up. It is this feature of the multi- 
vibrator that makes it useful in the present device. 
Another advantage is that the wave front of the 
output is very steep, almost perpendicular. Dye® 
states that even in terms of a frequency of 1,000 


Fig. 1. Diagram of connec-  MULTIVIBRATOR 


tions, showing argon filled 
triode, multivi- 
brator, and 
phase shifter 


8VA-C | Lj 


CONTROL VOLT. 


Ro 50,000 OHMS 


OPENS WITH OSCILL- 
OGRAPH 
SHUTTER 


TO CLOSING SWITCH 
3 PHASE, 60 CYCLES CONTACTS & LOAD 
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cycles per second, the change from zero to maximum 
takes place almost instantaneously. Figure 2 bears 
out this statement. 

The phase of the multivibrator output with respect 
to the a-c supply voltage can be changed by various 
methods. In figure 1, a 3 phase shifter is used, which 
permits 360 degree change. However, for most 
purposes, a 90 degree phase shift is perhaps all that 
is necessary. Changing the grid resistance 7, figure 
1, causes a phase shift of about 45 degrees. Further 
change can be obtained by use of a capacitor in 
parallel with a variable resistance in the control cir- 
cuit; this is a well known device. 


TIME DELAY 


The multivibrator output is impressed upon the 
grid of the argon filled triode as shown in figure 1, and 
again, diagrammatically, in figure 3. Since the 
voltage applied to the anode of the triode is direct 
current the tube should fire whenever the grid 
potential reaches the critical point, which, for the 
case shown, is about —4 volts. When the triode 
fires, the relay or contactor is closed, and the transient 
is initiated on the load. In order to obtain a photo- 
graphic record with an ordinary oscillograph, it is 
necessary to introduce a time delay to give time for 
the oscillograph shutter to open. This time delay is 
obtained by the well known device shown on the 
figures. With the switch S closed, a steady bias of 
approximately —16 volts is impressed on the grid. 
As shown on figure 3, the peaks of the multivibrator 
output (in series with the steady bias) are too low to 


Fig. 22s a Dis- 
torted wave 
of multivi- 
brator output. 


Note steep 
front 
0 
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e=Ee. cR 
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SWITCH S 
-20 | 
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TIME IN SECONDS 
Fig. 3. Action of the time delay device. When S 
is opened, the steady bias is shifted, but the grid 
potential does not change until the capacitor has 
discharged 
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Fig: 4. Os- 
cillograms of 
transients on a 
resistive load 
using the same 
setting of ap- 
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CLOSING OF SW: paratus. Note 
CEE accuracy with 
WAVE — which _ results 
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: cated 


Fig. 5. ‘Os- 
cillograms of 
transients on a 
resistive load, 
using 2 differ- 
ent settings, 
90 degrees 
apart 


 (CLOSING.OF SW. — 
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Fig. 6. Oscillograms of transients 
on an inductive resistance load at2 
preselected points 90 degrees 
apart. Note the small resistance 
transient in one case, and large 


cause firing. When the shutter trigger on the oscillo- 
graph is tripped, the switch S is opened, and the bias 
is changed to the —4 volt point, but before the grid 
can assume this potential, the capacitor has to dis- 
charge through the resistor so that the peaks climb 
slowly toward the firing potential. As shown on the 
figure, the first peak after opening of S does not quite 
reach the firing point, but the second does. Now, 
due to the very steep wave front, a change in grid 
bias will not affect the point of firing with reference 
to the multivibrator wave, although it will change 
the time delay. The peaks of the multivibrator wave 
bear a fixed relation to the a-c supply voltage; hence, 
it is possible to obtain closing of the switch at a given 
point of the wave. The ionization time of the argon 
filled triode used is of the order of 10 microseconds, 
which, in terms of 60 cycle frequency, is only a few 
tenths of a degree, so that on this score, the error is 
small. Greater errors are encountered in the con- 
stancy of the closing time of the relay or contactor. 


METHOD OF OPERATION, AND RESULTS 


Referring to figure 1, the solenoid or magnet of the 
contactor is placed in series with the plate of the tri- 
ode, and the protective resistor R;. The phase shifter 
is set at a given point, and a preliminary oscillogram 
is taken. The point at which the contactor closes in 
relation to the voltage wave is determined from the 
oscillogram and compared to the phase shifter posi- 
tion. Thereafter, if the phase shifter head is cali- 
brated in degrees, it is possible to change the position 
of closing to any predetermined point. 

Some of the oscillograms taken are given. Figure 4 
shows 2 oscillograms taken with a resistive load using 
the same setting of the apparatus, and illustrates the 


DECEMBER 1935 
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inductive transient in the other [eam . : 


accuracy with which results can be reproduced. Al- 
though on this figure time is given in microseconds, 
it is not claimed that measurements closer than the 
third significant figure are possible. Many other simi- 
lar oscillograms show that the time of closing can 
be duplicated within 20 to 30 microseconds which 
corresponds to less than a degree at 60 cycle fre- 
quency. See also figure 5. Figure 6 shows 2 oscillo- 
grams of an inductive resistance, taken at 2 pre- 
selected points 90 degrees apart. One shows only the 
small resistance transient; the other a large inductive 
transient. The fact that it was possible to take these 
2 oscillograms on the same film gives conclusive 
evidence of the reliability of the apparatus and the 
accuracy with which results can be predicted. 

In addition to the possibility of obtaining 
transients for subsequent study of switching opera- 
tions, the device should find useful applications for 
closing or opening a switch so as to minimize 
transients or destructive arcing. 
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News 


Of Tastitate and Related Activities 


Technical Program Announced 


for the A.IE.E. Winter Convention 


es TECHNICAL program for the 
A.JL.E.E. winter convention which will be 
held in the Engineering Societies Building, 
83 West 39th Street, New York, N. Y., 
January 28-31, 1936, is, as usual, of broad 
scope and timely interest. The convention 
will convene on a Tuesday and technical 
sessions will be held both morning and after- 
noon for the first 3 days. Arrangements are 
being made for the smoker on Tuesday 
evening, which is expected to at least dupli- 
cate the noteworthy success of the last 
winter convention smoker. Wednesday 
evening the Edison Medal presentation will 
take place and on Thursday evening the 
dinner-dance will be held at the well-known 
Hotel Plaza. Friday will be devoted ex- 
clusively to inspection trips to interesting 
places in the city and the vicinity. 

The well-balanced prograin will be inter- 
spersed with committee meetings, of im- 
portance to many members. Also, arrange- 

_ ments are being made for a luncheon meet- 
ing of the committee ot: education and 
the Student Branch counselors on Wednes- 
day, January 29. While the daily business 
programs are quite concentrated, ample 
opportunities through the days and evenings 
will occur to renew acquaintanceships and 
converse with friends. Plan now to attend 
the convention and keep abreast of the 
developments in the profession. Details of 
the various features now being arranged will 
be announced in the January 1936 issue of 
ELECTRICAL ENGINEERING. The technica: 
program, however, is given in this article. 


TECHNICAL PAPERS 


Thirteen technical sessions and one tech- 
nical conference have been scheduled to 
bring forth a number of developments in 
specialized fields. Several of the papers 
for these sessions are of international im- 
portance, particularly the adoption by the 
International Electrotechnical Commission 
of the meter-kilogram-second system of 
units, the story of which will be told by 
Dr. A. E. Kennelly. Also, 2 papers from 
France will treat the developments in the 
electrochemical and electrometallurgical in- 
dustries in that country. One of these 
papers will describe the electric furnace with 
carbon radiator, which has been perfected 
to a high degree in France. 

Another group of papers sure to be of 
outstanding interest will be presented in 
the protective devices session. Several of 
these papers will present data obtained from 
this year’s lightning season in various sec- 
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tions of the country. Data will be in- 
cluded on lightning arrester performance 
and the protection of distribution trans- 
formers, some of it the first presented in 
respect to the interconnection of the primary 
and secondary neutrals. 

At 1 or 2 other sessions and the conference 
on electric welding, demonstrations of elec- 
trical phenomena by means of high speed 
motion pictures will play an important 
part. In each case the technique of obtain- 
ing the pictures will be explained. The 
latest design practices in the development 
of synchronous machinery as well as recent 
studies in commutation will be presented at 
2 sessions on electrical machinery. Many 
other papers of interest appear on the pro- 
gram. 

The schedule for the 13 sessions and the 
papers to be presented at each session are 
given in the accompanying columns. For 
the papers which have been published, 
reference to the issue and page is given after 
each title. Members who wish to follow the 
presentations in detail and discuss papers 
should take their issues with them or pre- 
pare their discussions in advance. The 
conference on electric welding will be de- 
voted to demonstrations without publica- 
tion of papers or the discussions. 


RULES ON PRESENTING 
AND DISCUSSING PAPERS 


t some of the technical sessions, a few 
papers may be presented only by title. 
This will permit the devotion of more time 


to discussion. At other sessions, papers 
will be presented in abstract, 10 minutes 
being allowed for each paper unless other- 
wise arranged, or the presiding officer meets 
with the authors preceding the session to 
arrange the order of presentation and allot- 
ment of time for papers and discussion. 
Authors will be notified officially in each 
case about one month in advance. 

Any member is free to discuss any paper 
when the meeting is thrown open for general 
discussion. Usually 5 minutes are allowed 
to each discusser for the discussion of a 
single paper or of several papers on the same 
general subject. When a member signifies 
his desire to discuss several papers not 
dealing with the same general subject, he 
may be permitted to have a somewhat longer 
time. 

It is preferable that a member who wishes 
to discuss a paper give his name in advance 
to the presiding officer of the session at 
which the paper is to be presented. Each 
discusser is to step to the front of the room 
and announce, so that all may hear, his 
name and professional affiliations. Three 
typewritten copies of discussion prepared 
in advance should be left with the presiding 
officer. 

Other discussion to be considered for 
publication must be submitted, typed 
double spaced, in triplicate to C. S. Rich, 
secretary of the technical program com- 
mittee, A.I.E.E. headquarters, 33 West 
389th St., New York, N. Y., on or before 
Feb. 14, 1936. Discussion received after 
this date will not be accepted. 


New York, busiest port of the United States, offers numerous attractions. 


Among the many 


inspection trips which will be made available to Institute members during the forthcoming 
winter convention in New York, January 28-31, 1936, is a visit to a modern steamship. Shown 


here is the ‘‘S.S. California’ of the Panama-Pacific Lines. Details of inspection trips will be 
announced in the January 1936 issue 
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Tentative Technical Program 
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In this program, reference to the y 
issue and, in so far as possible, to 
the page in ELECTRICAL ENGI- 
NEERING, is given for all papers 
which are being published up to 
« and including this issue. 
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Tuesday, January 28 


9:00 a.m.—Registration 
10:00 a.m.—Opening of Convention 
10:30 a.m.—Communication 


APPLICATIONS OF A PHOTOELECTRIC CELL, A. H. 
Lamb, Weston Electrical Instrument Corp. 
Nov. issue, p. 1186-95 


ANODE MATERIALS FOR HicH Vacuum TuBEsS, 
E. E. Spitzer, RCA Manufacturing Co., Inc. 
Nov. issue, p. 1246-51 


A CasL_E Cope TRANSLATOR SysTeM, A. F. 
Connery, The Commercial Cable Co. 
Noy. issue, p. 1162-6 


MEASUREMENT OF TELEPHONE NOISE AND 
Power Wave SuHapp, J. M. Barstow and P. W. 
Blye, Bell Telephone Laboratories, Inc., and H. E. 
Kent, Edison Electric Institute. 

Dec. issue, p. 1807-15 


10:30 a.m.—Electrophysics—I 


I.E.C. Aporpts MKS System or Units, A. E. 
Kennelly, Harvard University. 
Dec. issue, p. 1373-84 


PARALLEL INVERTER WITH RESISTANCE LOAD, 
C. F. Wagner, Westinghouse Electric and Mfg. Co. 
Nov. issue, p. 1227-35 


2:00 p.m.—Instruments and Measurements 


Hicu SPEED MorTION Picrurgs, H. E. Edgerton, 
Massachusetts Institute of Technology. 
Feb. issue, p. 149-53 


BRIDGE MEASUREMENT OF ELECTROMAGNETIC 
Forcss, A. C. Seletzky and G. L. Priday, Case 
School of Applied Science. Nov. issue, p. 1149-52 


POWER AND ENERGY—POSITIVE AND NEGATIVE, 
L. A. Doggett and H. I. Tarpley, Pennsylvania 
State College. Nov. issue, p. 1204-9 


THE COMPENSATED ELECTROTHERMIC AMMETER, 
W. N. Goodwin, Jr., Weston Electrical Instrument 
Corp. Scheduled for Jan. 1936 issue 


2:00 p.m.—Electrophysics—II 


EarTH RBSSISTIVITY AND GEOLOGICAL STRUC- 
TURE, R. H. Card, American Telephone and Tele- 
graph Co. Nov. issue, p. 1153-61 


CuRRENT HARMONICS IN NONLINEAR RESISTANCE 
Crrcuits, T. D. Owens, Case School of Applied 
Science. Oct. issue, p. 1055-7 


A GENERALIZED INFINITE INTEGRAL THEOREM, 
M. G. Malti, Cornell University. 
Nov. issue, p. 1222-7 


EFFECT OF TOTAL VOLTAGE ON BREAKDOWN IN 
Vacuum, H. W. Anderson, Iowa State College. 
Dec. issue, p. 1315-20 


Two Meruops or MAPPING FLUX LINEs, F. W. 
Godsey, Jr., Sprague Specialties Co. 
Oct. issue, p. 1032-6 


* These papers may be presented but they have 
not been accepted for publication at the time of 
going te press. Of these papers, those which are 
accepted will, in so far as is possible, be published 
in the January 1936 issue. 


Wednesday, January 29 


10:00 a.m.—Power Transmission 


EcoNOMICAL LOADING OF UNDERGROUND CABLES, 
E. A. Church, Edison Electric Illuminating Co. of 
Boston. Nov. issue, p. 1166-72 


Tue PyROCHEMICAL BEHAVIOR OF CELLULOSE 
InsuLaTion, F. M. Clark, General Electric Co. 
Oct. issue, p. 1088-94 


RESOLUTION OF SURGES INTO MULTIVELOCITY 
Components, L. V. Bewley, General Electric Co. 
Nov. issue, p. 1199-1203 


Corona Losses aT 230 Kv WitH ONE ConDUCTOR 
Grounpep, J. C. Carroll, Stanford University, and 
D. M. Simmons, General Cable Corp. 

Aug. issue, p. 846-7 


LIGHTNING CURRENTS IN FIELD AND LABORA- 
Tory, P. L. Bellaschi, Westinghouse Electric and 
Mfg. Co. Aug. issue, p. 837-43 


10:00 a.m.—Synchronous and Other Machines 


“ANGLE SWITCHING”? OF SYNCHRONOUS MorTors, 
C. C. Shutt and J. W. Dawson, Westinghouse 
Electric and Mfg. Co. Nov. issue, p. 1191-5 


Loap LossEs IN SALIENT POLE SYNCHRONOUS 
Macuines, E. I. Pollard, Westinghouse Electric 
and Mfg. Co. Dec. issue, p. 1832-40 


PuLi-IN CHARACTERISTICS OF SYNCHRONOUS 
Morors, D. R. Shoults, S. B. Crary, Jr., and A. H. 
Lauder, General Electric Co. Dec. issue, p. 1385-95 


* MECHANICAL AND ELECTRICAL PROBLEMS IN- 


- VOLVED IN THE DESIGN AND CONSTRUCTION OF 


LARGE TURBINE GENERATORS, C. M. Laffoon, 
M. D. Ross, and L. A. Kilgore, Westinghouse 
Electric and Mfg. Co. 


SEGREGATION OF LOSSES IN SINGLE PHASE IN- 
pucTION Morors, C. G. Veinott, Westinghouse 
Electric and Mfg. Co. Dec. issue, p. 1302-6 


10:00 a.m.—Electrochemistry 
and Electrometallurgy 


THE ENGINEERING DEVELOPMENT OF ELECTRO- 
CHEMISTRY AND ELECTROMETALLURGY, Paul Bunet, 
Paris, France. Dec. issue, p. 1820-31 


INDUCTION HeaTING aT LOW TEMPERATURES, 
E. L. Bailey, Chrysler Motor Corp. 
Nov. issue, p. 1210-2 


ELectric FurRNACES WitH CARBON RADIATOR, 
Henri George, Saint-Gobain Co. 
é Novy. issue, p. 1195-9 


Powrr COMPANY SERVICE TO ARC FURNACES, 
L. W. Clark, The Detroit Edison Co. 
Novy. issue, p. 1173-8 


2:00 p.m.—Symposium on Magnetic Materials 


PRESENT STATUS OF FERROMAGNETIC THEORY, 
R. M. Bozorth, Bell Telephone Laboratories, Inc. 
Nov. issue, p. 1251-61 


SILICON STEEL IN COMMUNICATION EQUIPMENT, 
C. H. Crawford and E. J. Thomas, Generali Electric 
Co. Dec. issue, p. 1348-53 


CHARACTERISTICS OF PERMANENT MAGNET 
MatTERIALS, C. S. Williams, Westinghouse Electric 
and Mfg. Co. Scheduled for Jan. 1936 issue 


MacGneTic ALLOYS oF IRON, NICKEL, AND 
Copatt, G. W. Elmen, Bell Telephone Labora- 
tories, Inc. Dec. issue, p. 1292-9 


HicH PowreR AUDIO TRANSFORMER FOR CLASS 
B AMPLIFICATION, J. F. Peters, Westinghouse Elec- 
tric and Mfg. Co. Scheduled for Jan. 1936 issue 


IMPROVEMENTS IN COMMUNICATION TRANS- 
FORMERS, A. G. Ganz and A. G. Laird, Bell Tele- 
phone Laboratories, Inc. Dec. issue, p. 1367-73 


2:00 p.m.—Electrical Machinery 


FLASHING OF RaILway Motors CAuSED BY 
BrusH JumpPpinc, R. E. Hellmund, Westinghouse 
Electric and Mfg. Co. Nov. issue, p. 1178-85 


ELECTRICAL BRUSH WEAR, V. P. Hessler, Iowa 
State College. Oct. issue, p. 1050-4 


A Sratic THERMIONIC TUBE FREQUENCY 
CuHancrER, A. Schmidt, Jr., and R. C. Griffith, 
General Electric Co. Oct. issue, p. 1063-7 


SELF EXCITATION OF A FREQUENCY CONVERTER, 
Oscar Hess, Belmont, Mass. Dec. issue, p. 1359-66 


VIBRATORILY COMMUTATED STATIONARY CON- 
versIoN, G. T. Southgate, Consulting Engineer. 
Nov. issue, p. 1213-21 


BREAKDOWN CURVE FOR SOLID INSULATION, 
V. M. Montsinger, General Electric Co. 
Dec. issue, p. 1300-1 


2:00 p.m.—Automatic Stations 


System PowrR DISPATCHING By REMOTE 
METERING AND AUTOMATIC LOAD CONTROL, J. T. 
Logan, Georgia Power Co. 

Scheduled for Jan. 1936 issue 


*SUPERVISORY CONTROL AND REMOTE METERING 
ON THE PENNSYLVANIA RAILROAD ELECTRIFICA- 
TION, J. V. B. Duer, Pennsylvania Railroad. 


*AUTOMATIC SWITCHGEAR FOR MERCURY ARC 
RectiFiers, H. Bany, General Electric Co., and 
M. E. Reagan, Westinghouse Electric and Mfg. Co. 


APPLICATION OF SUPERVISORY CONTROL EQuIp- 
MENT, S. A. Canariis, Bureau of Water, City of 
Pittsburgh. Scheduled for Jan. 1936 issue 


Thursday, January 30 


10:00 a.m.—Symposium on 
Modernization of Distribution Systems 


MODERNIZATION OF HiGH AND MeEpiIumM VOLT- 
AGE TRANSMISSION Lines, Lightning and Insu- 
lating Subcommittee. Scheduled for Jan. 1936 issue 


* MODERNIZATION OF DISTRIBUTION, H. P. Seelye, 
The Detroit Edison Co. 


* MODERNIZATION OF RELAY SYSTEMS ON TRANS- 
MISSION NETWORKS, C. A. Muller and H. E. Turner, 
American Gas and Electric Co. 


*MODERNIZATION OF LIGHTNING PROTECTION 
EQUIPMENT—TRANSFORMER PROTECTION, Trans- 
former Subcommittee and Lightning Arrester Sub- 
committee. 


10:00 a.m.—Transportation 


Tue SPEED-TIME ELECTROGRAPH, P. C. Crom- 
well, New York University. Sept. issue, p. 923-30 


Tue “Comet’—A Di1gesEL ELectric UNIT 
Train, A. H. Candee, Westinghouse Electric and 
Mfg. Co. Nov. issue, p. 1240-5 


Tue ‘“‘Brway’’ SySTEM OF ELECTRIC PLATFORMS 
FOR Mass Transit, N. W. Storer, Westinghouse 
Electric and Mfg. Co. Dec. issue, p. 1340-7 


2:00 p.m.—Protective Devices 


Pitot WIRE RELAY PRorTEcTION, E. E. George 
and W.R. Brownlee, Tennessee Electric Power Co. 
Nov. issue, p. 1262-9 


LIGHTNING PROTECTION OF DISTRIBUTION 
TRANSFORMERS, L. G. Smith, Consolidated Gas, 
Lt. and Pwr. Co. Scheduled for Jan. 1936 issue 


LIGHTNING PROTECTION OF DISTRIBUTION TRANS- 
FORMERS, J. M. Flanigen, Georgia Power Co. 
Dec. issue, p. 1400-5 


LIGHTNING INVESTIGATIONS IN CurcaGo, Her- 
man Halperin and E. H. Grosser, Commonwealth 
Edison Co. Scheduled for Jan. 1936 issue 


DISCHARGE CURRENTS IN LIGHTNING ARRESTERS, 
K. B. McEachron and W. A. McMorris, General 
Electric Co. Dec. issue, p. 1395-9 


LIGHTNING ARRESTER Economics, Philip Sporn 
and I. W. Gross, American Gas & Electric Co. 
Scheduled for Jan. 1936 issue 


2:00 p.m.—Conference on Electric Welding 


DEMONSTRATION—APPLICATION OF HIGH-SPEED 
PHOTOGRAPHY TO THE STUDY OF WELD PHENOMENA, 
H. A. Winne, General Electric Co. 
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Great Lakes District Holds 


Fifth District Meeting at Purdue University 


Porpur UNIVERSITY, Lafayette, 
Ind., played host to some 400 members, 
students, and guests who attended the fifth 
general meeting of the Great Lakes Dis- 
trict, October 24-25, 1935. Traditional 
Hoosier hospitality was extended by officials 
and faculty of the university, convenient 
and comfortable facilities for the technical 
and other sessions were provided, and 
generous arrangements made for the enter- 
tainment of those in attendance. Each of 
the 9 Sections in District 5 were well repre- 
sented, as also were the 16 Student Branches 
in the District, special emphasis being 
placed upon the participation of Student 
groups in the technical sessions and other 
activities. 


OPENING MEETING 


With Vice President G. G. Post officiating, 
the opening meeting started promptly on 
scheduled time at 9:30 Thursday morning, 
October 24, in the main lecture hall of the 
electrical engineering building, with an 
initial attendance in excess of 200. In 
response to Vice President Post’s introduc- 
tion, A. A. Potter, dean of the schools of 
engineering of Purdue University, and past- 
president (1933) of The American Society 
of Mechanical Engineers, delivered an 
address of welcome in which he heartily 
endorsed the idea of holding meetings such 
as this on University campuses, and stressed 
the growing importance in modern life of 
engineering education, outlining some of 
the leading trends in the development of 
curricula and teaching methods. 

President Meyer in responding to Dean 
Potter’s welcoming remarks, paid tribute 
to all who had participated in arranging 
the District meeting. He also took advan- 
tage of the opportunity to remind his audi- 
ence that the institute is a wholly demo- 
cratic organization of individual members 
and to emphasize the many opportunities 
offered for individual participation, point- 
ing out that the return “dividend” to the 
individual depended quite entirely upon the 
degree to which the individual participated 
in Institute affairs. 


TECHNICAL SESSIONS 


Immediately following the opening meet- 
ing, the first of the technical sessions was 
held. As indicated in the detailed schedule 
published in the September 1935 issue of 
ELECTRICAL ENGINEERING, pages 1005-7, 
the 2-day program provided 4 general 


Dewars of Minneapolis, Minn., Past Chair- 
man O. Kiltie of the Fort Wayne, Ind., 
Section, and Prof. D. D. Ewing, of Purdue 
University. 

Of the 4 general technical sessions men- 
tioned above, 3 accommodated the presen- 
tation and discussion of: 14 formal tech- 
nical pagers, 1 unpublished technical paper, 
and 2 special addresses; one session was 
devoted to the presentation and discussion 
of Student papers, 15 of which were sched- 


Analysis of Registration at Meeting 


Location 


Central 
Indiana District Other 


Classification Section No.5* Districts Totals 
Miemberseanranoke 44.00% tok ero Eiger 148 
LUCEHtS pce Oa ae S405 samuuabares 254 
Men Guests....... Ti isotes te oer a Sere 31 
Women Guests.... 10..... LD eee Divkewiate 24 
Totalses 7.6605 elo O . athe LOS s. PAV te 457 


*Outside of Central Indiana Section 


uled. With but minor variations, the tech- 
nical program as carried out was in accord 
with the published schedule. As all 14 of 
the formal technical papers were published 
in ELECTRICAL ENGINEERING prior to the 
meeting, and as most of the discussions 
thereon will be published in future issues, 
these technical papers will not be further 
commented on here. 


SPECIAL ADDRESSES 


Two addresses of a special nature were 
presented during the technical sessions: 
one, ‘‘Dare We Become Efficient?’”’ given 
by J. W. Esterline, president of the Ester- 
line Angus Company of Indianapolis; the 
other, ‘“‘Recent Electrical Developments in 
the Steel Industry,” by Ralph H. Wright 
of the Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, Pa. 
Mr. Esterline described the development 
and operation of the unique program of 
employee relations in vogue at the Ester- 
line Angus plant, and reviewed some of the 
results of several years of operation with 
that program. He stated that the program 
was based upon a definite effort to bring 
about a fully co-operative working relation- 
ship not only between employees and man- 
agement, but also between departmental 
groups. He described this plan as being in 
effect the recognition of each management, 
design, manufacturing and other working 
units as a separate, but of course inter- 
related working unit, each in effect taking a 
contract to carry on its specialized work, 
and assuming full responsibility for delivery 
of goods or services as the case may be. 
Increased profits resulting from this co- 
operative-competitive effort are divided 
equitably between employer and employee 
with results enthusiastically described by 
Mr. Esterline as being highly satisfactory 
to all parties concerned. 

As typifying the many important ad- 
vances made in steel producing equipment 
Mr. Wright gave a comparison of old and 
new methods of rolling sheet and tin plate. 
He pointed out that in the older and com- 
mon processes the metal is reduced to the 
desired finished thickness by a slow and 
laborious hot rolling process involving the 
passage of small bars of steel back and forth 
through rolls operating at about 300 feet 
per minute. Incontrast to this, some of the 


technical sessions. Presiding officers for the 
several sessions were: for the general 
applications session, Vice President G. G. 
Post, Milwaukee, Wis., and Dr. C. F. Hard- 
ing, Purdue University; for the session on 
electron tube theory and practice, Chairman 
C. A. Cora of the Central Indiana Section, 
Indianapolis, and Dr. C. B. Aiken of Purdue 
University; for the Student technical ses- 
sion, Student Counselor E. B. Kurtz of the 
University of Iowa, Iowa City, and Student 
Counselor A. N. Topping of Purdue Uni- 
versity; and for the high potential measure- 
ments session, District Secretary A. G. 


Taken during the recent meeting of the Institute’s Great Lakes District and Student Branch 
convention held at Purdue University, West Lafayette, Ind., Oct. 24-25, 1935, the photograph 
reproduced above shows some of those responsible for the success of this meeting 


Left to right (both rows) are: Dr. A. A. Potter, dean of engineering schools, Purdue University; 
National Secretary H. H. Henline; Vice President G. G. Post, chairman of the general com- 
mittee for this meeting; Dr. C. F. Harding, chairman of the papers committee, member of the 
general committee, and head of the department of electrical engineering at Purdue; President 
E. B. Meyer; D. T. Canfield, chairman of the entertainment committee and member of the papers 
committee; C. A. Cora, chairman of the Central Indiana Section, and member of the general 
committee and papers committee for this meeting; J. W. Esterline, who presented a special 
address on the subject “Dare We Become Efficient?” and D. L. Curtner, chairman of the at- 
tendance and publicity committee 
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most recently accepted methods permit the 
use of heated slabs from 8 to 6 inches thick 
and weighing several tons which pass first in 
a continuous process through a preliminary 
rolling at up to 2,000 feet per minute, and 
subsequently through cold rolling finishing 
processes operating on a continuous basis 
at speeds ranging from 500 to 1,200 feet per 
minute. 


STUDENT SESSIONS 


The Student technical session held Friday 
morning, October 25, occupied a position of 
importance on the program paralleling that 
of the other 3 general technical sessions. 
Attendance at the Student sessions topped 
300, and keen interest was shown in the 
entire program which was followed through 
essentially as printed in advance in ELEc- 
TRICAL ENGINEERING. 

Following a Student luncheon meeting 
Friday noon, which turned out to be so 
popular that it developed into a general 
luncheon affair, the regular District con- 
ference on Student activities occupied the 
time of Student Branch chairmen and 
Branch counselors for the remainder of the 
afternoon. 

Each Branch representative reported 
briefly concerning his Branch’s activities 
for the past year, and outlined plans now 
under way for the current year, in most 
cases guided very constructively by ac- 
cumulative local experience. Thus there 
was an effective interchange of experiences 
and ideas which repeatedly brought forth 
questions and precipitated spontaneous dis- 
cussion on questions of more than average 
interest in connection with the pursuit of 
Branch affairs. To an observer interested 
in Institute work, and recognizing the stra- 
tegic importance of Student Branch work, 
the general tone of the discussion was in- 
spiring indeed. Most Branches in the Dis- 
trict showed conclusively that they were 
keenly alive and were pursuing Branch 
organization aggressively, in many cases 
reporting the actual enrollment of all or of 
very high percentages of upper class 
electrical engineering students. Many 
Branches had segregated their social and 
technical programs. 

Branch counselors present included: S.S. 
Attwood, University of Michigan; C. 
Boesewetter (alternate), Milwaukee School 
of Engineering; E. H. Freeman, Armour 
Institute of Technology; F. W. Kane, 
Marquette University; C. C. Knipmeyer, 
Rose Polytechnic Institute; J. H. Kuhlman, 
University of Minnesota; E. B. Kurtz, 
University of Iowa; B. K. Osborn, Michigan 
State College; F. A. Rogers, Lewis Insti- 
tute; G. W. Swenson, Michigan College of 
Mining and Technology; A. N. Topping, 
Purdue University; G. F. Tracy, University 
of Wisconsin; H. O. Warner, University of 
Detroit; K. R. Weigand (alternate), Uni- 
versity of Notre Dame; and Benn S. Willis, 
Iowa State College. 

Student Branch chairmen present were: 
Wendell N. Becker, University of Iowa; 
Robert Berresford, Iowa State College; W. 
A. Brastad, University of Minnesota; C. 
Louis Del Gaizo, University of Notre Dame; 
Leonard B. Gezon, Michigan State College; 
Harry Holubow, Lewis Institute; R. B. 
Immel, Purdue University; Martin Long, 
Rose Polytechnic Institute; R. L. Oetting, 
University of Wisconsin; J. D. Scarbrough, 
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A scene in the lec- 
ture hall of the elec- 
trical engineering 
building at Purdue 
University, | where 
the technical  ses- 
sions of the recent 
Great Lakes District 
meeting were held. 
One of the student 
sessions is shown 


Michigan College of Mining and Tech- 
nology; Ray J. Schmitz, Jr., Marquette 
University; Curtis G. Talbot, University of 
Illinois; and Kenneth N. Wilkins, Mil- 
watkee School of Engineering. 

Thus, 13 out of the 16 Student Branches 
in the District were represented by their 
Branch chairmen, and, including 2 alter- 
nates, 15 were represented also by their 
Student conselors. Other members of the 


Future AIEE Meetings 


Winter Convention, 
New York, N. Y., Jan. 28-31, 1936 


North Eastern District Meeting, 
New Haven, Conn., May 6-8, 1936 


Summer Convention, 
Huntington Hotel, Pasadena, Calif., 
June 22-26, 1936 


Middle Eastern District Meeting, 
Pittsburgh, Pa., part of week of Oct. 
12, 1936 


committee present were: District Vice 
President G. G. Post and District Secretary 
A. G. Dewars. Others present included: 
President E. B. Meyer, National Secretary 
H. H. Henline, Editor G. Ross Henninger, 
and D. C. Jackson, Jr., of Lewis Institute, 
Chicago. 

Doctor Harding, officiating as toastmaster 
at the Student luncheon meeting, “sum- 
marized”’ the results of the District meeting 
as follows: 

‘Meetings stich as this are stepping stones 
toward (1) better recognition of the elec- 
trical engineering profession by the public; 
(2) extension of geographic activities of the 
Institute in a manner that constitutes 
effective decentralization, (3) increasing 
Institute membership particularly among 
recent graduates, (4) broadening the tech- 
nical, economic, and administrative scope 
of technical papers acceptable for publica- 
tion, and (5) provision for earlier and less 
expensive transition and status from En- 
rolled Student to full membership.”’ 


ENTERTAINMENT AND SPECIAL PROGRAM 


Entertainment features of a social nature 
provided by the local committee included: 
a dinner tendered Wednesday evening, in 
advance of the meeting, by Purdue Uni- 


versity to the Section, District, and national 
officers present; the regular District dinner 
affair held Thursday evening in the ball- 
room of Purdue Memorial Union Building, 
and followed by a demonstration rehearsal 
in the stadium of Purdue’s famous elec- 
trically illuminated band; and the general 
luncheon meeting that grew out of the 
Student luncheon Friday noon. Each of 
these groups was addressed by President 
Elliott, Dean Potter, and Doctor Harding 
of Purdue University, and by Institute 
President E. B. Meyer. Excellent musical 
entertainment was provided Thursday even- 
ing and Friday noon by Purdue University 
students. 

Entertainment features of a technical 
nature included a television demonstration, 
a demonstration of the impulse ‘“‘lightning” 
generator in the high voltage laboratory, 
demonstration of the university’s radio sta- 
tion in operation, and visits to and special 
exhibits in the several engineering labora- 
tories. In addition, inspection trips were 
arranged to the meter manufacturing plant 
of the Duncan Electric Manufacturing and 
to other points of interest according to 
visitors’ choices. 


District EXECUTIVE COMMITTEE MEETING 


Among the items of business transacted 
at the luncheon meeting of the executive 
committee of the Great Lakes District held 
on October 24, K. A. Auty, Common- 
wealth Edison Company, Chicago, IIl., was 
re-elected to the office of treasurer of the 
District. F. H. Lane, Byllesby Engineering 
and Management Corporation, Chicago, was 
elected a member of the Institute’s national 
nominating committee, representing the 
Great Lakes District. Dr. C. F. Harding, 
head of the school of electrical engineering 
at Purdue University, was nominated 
unanimously as a candidate for the office 
of vice president of the Institute from the 
Great Lakes District, for the 2-year term be- 
ginning August 1, 1936. 

The following members of the executive 
committee were elected to serve with the 
vice president, District chairman, and chair- 
man of the District committee on Student 
activities, as members of the co-ordinating 
committee for the coming year: 

Prof. J. F. H. Douglas Milwaukee Section 
Prof. S. S. Attwood Detroit-Ann Arbor Section 


Prof. F. H. Rogers Chicago Section 
H. P. Seelye Detroit-Ann Arbor Section 


Vice President Post appointed Professor 
Douglas as chairman of a special committee 
to determine the desires of the Sections 
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within the District, as to possible changes 
in the areas allocated to them. The Mil- 
waukee Section’s invitation to the Institute 
to hold its 1937 summer convention at 
Milwaukee was endorsed. 


PasT-PRESIDENT JOHNSON MEMORIALIZED 


A resolution was passed by the Great 
Lakes District executive meeting at its 
October 24 meeting, commemorating the 
recent death of Junior Past President J. 
Allen Johnson. This resolution in memory 
of J. Allen Johnson, supplementing that 
passed by the Institute’s board of directors 
on October 22, 1935 (see ELECTRICAL 
ENGINEERING for November 1935, page 1274 
for this resolution, and pages 1281-2 for an 
obituary item), is as follows: 


Wuereas: J. Allen Johnson was called from our 
midst by death on October 4, 1935; and 


WHEREAS: Mr. Johnson was not only an engineer 
distinguished for his accomplishments but was also 
our friend and an indefatigable worker toward the 
general advancement of his, and our, profession, 
and 


Wuereas: Mr. Johnson during the 28 years of his 
membership had served the Institute capably and 
willingly in both local and national offices, including 
the presidency which he filled last year; therefore 
be it 


RESOLVED: That the members of the Great Lakes 
District (No. 5) American Institute of Electrical 
Engineers, in convention assembled, hereby express 
their sense of great loss to the Institute in Mr. 
Johnson’s passing and extend to the members of 
his family deep sympathy in their grievous loss, 
and be it further 


RESOLVED: That copies of this resolution be sent 
to the Institute and the family. 


Among other items at the meeting of the 
District executive committee, reports of 
past activities were presented by the dele- 
gates, and plans for coming meetings were 
outlined. 


Standards on Letter 
Symbols and Abbreviations 


Preparation of a new dictionary of letter 
symbols and abbreviations to be used by 
engineers and scientists is a task to be under- 
taken by a committee of the American 
Standards Association. The committee on 
symbols and abbreviations which has been 
at work for many years and which has 
already published several standards, has 
recently been divided into 2 parts, one cover- 
ing the letter symbols and abbreviations, 
and the second covering the graphical sym- 
bols. The committee working on letter 
symbols and abbreviations, which is now 
beginning its work, has 12 subcommittees 
covering such broad subjects as mathemat- 
ics, physics and mechanics, structural 
analysis, hydraulics, heat and thermody- 
natnics, photometry and illumination, aero- 
nautics, electric and magnetic quantities, 
radio, astronomy and surveying, geodesy, 
and scientific and engineering terms. 

Any group which has its own standards for 
symbols, or has comments on standards 
which have already been approved, or has 
suggestions for useful new letter symbols 
and abbreviations, should communicate 
with Dr. J. Franklin Meyer (A’08, M’13), 
National Bureau of Standards, Washington, 
D. C., chairman of the committee. 
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A.1.E.E. Directors Meet 
at Institute Headquarters 


The regular meeting of the board of 
directors of the American Institute of 
Electrical Engineers was held at Institute 
headquarters, New York, N. Y., on October 
22, 1935. 

There were present: President—E. B. 
Meyer, Newark, N. J. Past-President—J. B. 
Whitehead, Baltimore, Md. Vice Prest- 
dents—C. V. Christie, Montreal, Que., Can.; 
W. H. Harrison, Philadelphia, Pa.; N. B. 
Hinson, Los Angles, Calif.; F. J. Meyer, 
Oklahoma City, Okla.; and R. H. Tapscott, 
New York, N. Y. Durectors—F. Malcom 
Farmer, New York, N. Y.; N. E. Funk, 
Philadelphia, Pa.; H. B. Gear, Chicago, 
Ill.; C. R. Jones, New York, N. Y.; P. B. 
Juhnke, Chicago, Ill.; W. B. Kouwenhoven, 
Baltimore, Md.; Everett S. Lee, Schenec- 
tady, N. Y.; A.H. Lovell, Ann Arbor, Mich. ; 
L. W. W. Morrow, New York, N. Y.; G. C. 
Shaad, Lawrence, Kans.; A. C. Stevens, 
Schenectady, N. Y. National Treasurer— 
W.I. Slichter, New York, N. Y. National 
Secretary— H. H. Henline, New York, N. Y. 

The minutes of the board of directors’ 
meeting of August 6, 1935, were approved. 

By rising vote, a resolution was adopted 
in memory of Past-President J. Allen John- 
son, who died on October 4. (The resolu- 
tion was published in the November issue, 
page 1274, supplemented by a comprehen- 
sive biographical sketch on pages 1281-2.) 

Reports were presented and approved of 
meetings of the board of examiners held 
September 25 and October 16. Upon the 
recommendation of the board of examiners, 
the following actions were taken: 3 appli- 
cants were transferred to the grade of Fellow; 
14 applicants were elected to the grade of 
Member, and 67 applicants were elected to 
the grade of Associate as of November 1, 
1935; 27 applicants were transferred to the 
grade of Member; 445 Students were en- 
rolled. 

The finance committee reported monthly 
disbursements amounting to $15,178.69 in 
September and $26,839.33 in October. 
Report approved. 

A budget for the appropriation year 
beginning October 1, 1935, was submitted 
by the finance committee and adopted. 

Upon the recommendation of the execu- 
tive committee of the Middle Eastern Dis- 
trict, approval was given to changing the 
location of the 1936 District meeting from 
Akron, Ohio, to Pittsburgh, Pa., to be held in 
connection with meetings of other engineer- 
ing societies during the week of October 12. 

The board adopted amendments approved 
at the August board meeting to Sections 22 
and 23 of the by-laws, to bring them into 
conformity with the recently amended sec- 
tions of the constitution. The amended by- 
laws read as follows: 


Sec. 22. During September of each year, the 
secretary of the national nominating committee 
shall notify the chairman of the executive commit- 
tee of each Geographical District that by December 
fifteenth of that year the executive committee of 
each District must select a member of that District 
to serve as a member of the national nominating 
committee and shall, by December fifteenth, notify 
the secretary of the national nominating committee 
of the name of the member selected. 


During September of each year, the secretary of the 
national nominating committee shall notify the 
chairman of the executive committee of each Geo- 


graphical District in which there is or will be during 
the year a vacancy in the office of vice president, 
that by December fifteenth of that year a nomina- 
tion for a vice president from that District, made 
by the District executive committee, must be in 
the hands of the secretary of the national nomina- 
ting committee. 

Between October first and December fifteenth of 
each year, the board of directors shall choose 5 of 
its members to serve on the national nominating 
committee and shall notify the secretary of that 
committee of the names so selected, and shall also 
notify the 5 members selected. 


The secretary of the national nominating committee 
shall give the 15 members so selected not less than 
10 days’ notice of the first meeting of the com- 
mittee, which shall be held not later than January 
31. At this meeting, the committee shall elect a 
chairman and shall proceed to make up a ticket of 
nominees for the offices to be filled at the next 
election. All suggestions to be considered by the 
national nominating committee must be received 
by the secretary of the committee by December 15. 
The nominations as made by the national nomina- 
ting committee shall be published in the March 
issue of ELECTRICAL ENGINEERING (Journal of 
A.1.E.E.), or otherwise mailed to the Institute 
membership not later than the first week in March. 


Sec. 23. Petitions proposing the names of candi- 
dates as independent nominations for the various 
offices to be filled at the ensuing election, in accord- 
ance with Article VI, Section 31 (Constitution), 
must be received by the secretary of the national 
nominating committee not later than March 25 of 
each year, to be placed before that committee for 
the inclusion in the ballot of such candidates as are 
eligible. . 


On the ballot prepared by the national nominating 
committee in accordance with Article VI of the 
constitution and sent by the national secretary to 
all qualified voters during the first week in April 
of each year, the names of the candidates shall be 
grouped alphabetically under the name of the 
office for which each is a candidate. 


The following members of the board were 
selected to serve on the national nominating 
committee: F. Malcolm Farmer, W. H. 
Harrison, W. B. Kouwenhoven, Everett S. 
Lee, and A. C. Stevens. 

A. M. MacCutcheon was reappointed a 
representative of the Institute on the stand- 
ards council of the American Standards 
Association for the 3 year term beginning 
January 1, 1936, and H. S. Osborne and 
E. B. Paxton were reappointed alternates 
for the year 1936. 

W.S. Barstow was reappointed an Insti- 
tute representative on the library board of 
United Engineering Trustees, Inc., for the 
4 year term beginning in October 1935. 

A. W. Berresford was appointed to fill 
the unexpired term, ending in October 
1938, of J. Allen Johnson, deceased, on the 
John Fritz Medal Board of Award. 

H. L. Huber was appointed to represent 
the A.I.E.E. committee on communication, 
and R. N. Conwell, the committee on power 
transmission and distribution, upon the 
American Committee on Marking of Ob- 
structions to Air Navigation. 

Chairman Everett S. Lee of the member- 
ship committee reported on the state of the 
Institute membership and the activities of 
the membership committee, with particular 
emphasis upon the effective work of the 
Section membership committees. 

Upon the recommendation of the stand- 
ards committee, the board authorized the 
submission of a revised report on standards 
for relays to the American Standards Associa- 
tion, with the endorsement of the Institute, 
as material for an American standard. 

The board accepted, with appreciation, an 
offer of Past-President Ralph D. Mershon to 
donate a third golf trophy, to remain per- 
manently in possession of the Institute, and 
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0 take the place of the second golf trophy, 
which was won by L. R. Keiffer at the 1935 
summer convention, at Ithaca, N. Y. 

Approval was given to a proposal that 
the Engineers’ Council for Professional 
Development become incorporated. 

Other matters were discussed, reference 
to which may be found in this or future 
ssues of ELECTRICAL ENGINEERING. 


President Meyer 
to Serve M.I.T. 


Upon invitation of Dr. Karl Taylor Comp- 
ton (F’31), president of Massachusetts Insti- 
tute of Technology, President E. B. Meyer 
of the A.I.E.E. has been appointed to serve 
as a member of the M.I.T. visiting com- 
mittee of the department of electrical engi- 
neering for the academic year beginning 
October 1935. 

It is the custom of M.I.T. to invite distin- 
guished members of the fields with which its 
work is concerned to serve with members of 
its corporation and representatives from 
its alumni body upon committees which 
“consider critically and constructively the 
problems and policies of the various de- 
partments and which report their findings 
and recommendations to the corporation.”’ 

Other prominent Institute members sery- 
ing M.I.T. on this special committee in- 
clude Dr. Frank B. Jewett (A’03, M’10, 
F’12, past president), New York, N. Y.; 
Thomas Spooner (A’12, M’23, F’29), East 
Pittsburgh, Pa.; and Don L. Galusha 
(A’05, M’13, F’19), Philadelphia, Pa. 


A.I.M.E. Nominates Officers for 1936. 
Nominations of officers to serve the Ameri- 
can Institute of Mining and Metallurgical 
Engineers for the year 1986, have been 
made. J. M. Lovejoy, president of the 
Seaboard Oil Company, has been nominated 
to serve as president. For 2 vacancies as 
vice president and director, R. C. Allen 
and Henry Krumb were nominated. New 
directors nominated include: S. G. Blay- 
lock, James Douglas, Medalist in 1928 and 
vice president and general manager of the 
Consolidated Mining and Smelting Com- 
pany of Canada; J. L. Christie, metallur- 
gist for the Bridgeport Brass Company; 
E. T. Conner, Scranton, Pa.; W. B. Heroy, 
chief geologist, Consolidated Oil Corpora- 
tion; and F. L. Sizer, San Francisco, Calif. 
The last 3 were nominated for re-election. 


Air Conditioning Standards Adopted. 
At the October, 1935 meeting of the Air 
Conditioning Manufacturers’ Association 
held in Chicago, Ill., standards for rating 
and testing air conditioning equipment 
were adopted. These standards are the 
result of many weeks of investigation and 
study by leading air conditioning engineers, 
representing not only- the manufacturers 
but also the American Society of Refrigerat- 
ing Engineers and the American Society of 
Heating and Ventilating Engineers, which 
are the leading technical societies in the air 
conditioning field. Much of the uncertainty 
which has confronted buyers of air condi- 
tioning equipment is said removed by this 
action of A.C.M.A. 
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John Fritz Medal 
Awarded W. F. Durand 


At the annual meeting of the John Fritz 
Medal board of award, the Gold Medal for 
1936 was awarded William Frederick Du- 
rand for notable achievement ‘‘as authority 
in hydrodynamic and aerodynamic science, 
and in its practical application; outstand- 
ing leader in research and in engineering 
education.’’ This award was made unani- 
mously by a board having for its members 
16 past-presidents of the 4 American socie- 
ties of civil, mining and metallurgical, 
mechanical, and electrical engineers. 

Doctor Durand is professor emeritus of 
mechanical engineering, Stanford Univer- 
sity, Calif. He was born May 5, 1859, in 
Bethany, Conn., and graduated from the 
United States Naval Academy in 1880. He 
served in the Engineers Corps of the Navy 
until 1887, and then became professor of 
mechanical engineering at what is now 
Michigan State College, Lansing. He went 
to Cornell University in 1891, and remained 
there as professor of marine engineering 
until 1904, when he went to Stanford Uni- 
versity to become professor of mechanical 
engineering. 

Early in life Doctor Durand became in- 
terested and active in scientific and engineer- 
ing research. In particular, he devoted his 
attention to problems of ship propulsion, 
hydraulics of pipes, and later to aeronautics, 
being one of the first to engage in scientific 
research in aeronautics. He has invented 
precision measuring instruments. 

In 1916, he became chairman of the 
National Advisory Committee for Aero- 
nautics, authorized by Congress, which 
committee he had assisted in organizing in 
1914. During the war, he was in Paris as 
a representative of the United States govern- 
ment on technical commissions. In 1925, he 
was appointed by President Coolidge a 
member and secretary of the aircraft board, 
and in 1935 he was appointed by President 
Roosevelt chairman of a committee of review 
of airship design and construction for the 
U.S. Navy. He has frequently served as a 
consultant to the U.S. Bureau of Recla- 
mation. 


Doctor Durand was a trustee of the 
Guggenheim fund for the promotion of 
aeronautics throughout the life of that 
organization. In May 1935, Doctor Durand 
was awarded the Daniel Guggenheim medal 
for aeronautical achievement. He received 
the degree of doctor of philosphy from Lafay- 
ette College in 1888, and was awarded the 
honorary degree of doctor of laws by the 
University of California in 1927. Doctor 
Durand is a Gold Medalist of the American 
Society of Naval Engineers, and a past- 
president of The American Society of 
Mechanical Engineers. He is general editor 
for a comprehensive work on aerodynamic 
theory, now being printed in 6 volumes. 


Communication 
Museum for Canada 


While there are rare and valuable col- 
lections of telegraph, telephone, and radio 
historical apparatus in the Smithsonian 
Institute, Washington, D. C.; Franklin 
Institute, Philadelphia, Pa.; Science 
Museum, New York, N. Y.; and the new 
museum in Chicago, IIll., it was found that 
no historical museum had been established 
in Canada. To remedy this situation 
Donald McNicol (A’05, F’18), past-presi- 
dent of the Institute of Radio Engineers, 
gathered and procured through purchase 
several private collections in the United 
States and Canada. These he has donated 
to Canadian communication engineers in 
the form of a museum which is housed in 
Ottawa. At present the telegraph and 
telephone items are housed in the Dominion 
archives department, and the radio items 
in the National Research Building, but 
shortly the collections are to be consolidated 
in the latter building. 

The museum consists of more than 100 
rare and valuable items. 

In arranging for proper housing for the 
museum Mr. McNicol had the co-operation 
of Col. W. Arthur Steel, Canadian broad- 
cast commissioner, and John McMillan, late 
general manager of the Canadian Pacific 
Railway Telegraphs. 


Membership— 


Mr. Institute Member: 


are 1,304 of these young men. 


tees will bring the invitation. 


Institute activities. 


Next month the membership committee will invite into Associate 
membership those Students who were graduated last June. 
Personal letters from Institute head- 
quarters and personal contacts from the Section membership commit- 


The membership committee asks that where you may know any of 
these young men, you do what you can to acquaint them further of 


There 


¢ er 


Chairman National Membership Committee 
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District and National Prizes 


Available for 1935 Technical Papers 


Ai who have presented technical papers 
before the Institute during the calendar year 
1935 are eligible under the A.I.E.E. paper 
prize regulations for competitive considera- 
tion for one or more of the established 
prizes. Papers are eligible for submission 
to the prize committees regardless of 
whether presented before a Branch meeting, 
a Section meeting, a District meeting, or a 
national convention, the several classes 
providing for equitable competition. 


Papers Must BE SUBMITTED 


Although all 1935 papers are eligible for 
consideration, every paper for which prize 
consideration is desired, must be submitted 
specifically for that purpose, except as noted 
below: through the District secretary for 
consideration for the District prizes, and 
through the national secretary’s office for 
consideration for the national prizes. There 
is no provision for automatic consideration 
of papers, with the exception that those 
approved by the technical program com- 
mittee and presented at national conven- 
tions or District meetings, will be con- 
sidered by the national prize committee for 
the national “best paper” and “‘initial 
paper” prizes without being formally 
offered for competition. 

Both District and national prize awards 
are made each spring for papers presented 
during the preceding calendar year, pro- 
vided they are submitted for prize considera- 
tion not later than February 15. Prize rules 
governing 1935 papers were published in 
fuil on page 342 of the March 19365 issue of 
ELECTRICAL ENGINEERING. However, in- 
asmuch as these rules contained many 
changes, they are republished here in full 
for the convenience of authors, as well as 
District Section, and Branch officers, and 
others interested. 


NATIONAL PRIZES 


The following national prizes may be 
awarded each year at the discretion of the 
committee on award of Institute prizes: 


(1) engineering prac- 
and (8) public 


1. Prize for best paper in: 
tice; (2) theory and research; 
relations and education. 


2. Prize for initial paper. 
3. Prize for Branch paper. 


The national prize for best paper in each 
of the 3 classes, namely, engineering prac- 
tice, theory and research, and public rela- 
tions and education, may be awarded for 
the best original paper presented at any 
national, District, or Section meeting of the 
Institute, provided the author, or at least 
one of co-authors, is a member of the 
Institute. 

The national prize for initial paper may 
be awarded for the most worthy paper 
presented at any national, District, Section, 
or Branch meeting of the Institute, pro- 
vided the author or authors have never 
previously presented a paper which has 
been accepted by the technical program 
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committee, and the author, or at least one 
of co-authors, is a member of the Institute 
or is a graduate student enrolled as a 
Student of the Institute. 

The national prize for Branch paper may 
be awarded for the best paper based upon 
undergraduate work presented at a Branch 
or other Student meeting of the Institute, 
provided the author or authors are Enrolled 
Students of the Institute. 

Only papers presented during the calendar 
year shall be considered for any of the prizes, 
except those for the best paper prize in the 
class of public relations and education. In 
this class, all papers presented subsequent 
to those considered at the time of the last 
previous award in this field will receive con- 
sideration. All papers approved by the 
technical program committee which were 
presented at the national conventions or 
District meetings will be considered for the 
best paper prizes and initial paper prize 
without being formally offered for compe- 
tition. All other papers which were pre- 
sented at Section, Branch, or Student 
meetings must be submitted in triplicate 
with written communications to the national 
secretary on or before February 15 of the 
following year, stating when and where 
the papers were presented. This may be 
done by authors, by officers of the Institute, 
or by executive committees of Sections or 
geographical Districts. 

Each national prize shall consist of a cer- 
tificate of award issued by the Institute and 
$100 (see note below) in cash. When pa- 
pers are written jointly, the cash awards 
shall be divided and a certificate shall be 
issued to each author. The board of direc- 
tors may, at its discretion, omit the cash 
awards for any of the prizes. 

Committee on Award of Institute Prizes. 
This committee shall consist of the chair- 
man of the technical program committee, 
acting as chairman; the chairmen of the 
publication committee, the committee on 
research, the technical program committee 
of the previous year, and the chairmen of 
such other committees as the board of 
directors may designate. This committee 
shall award at its discretion all the national 
prizes. It may award a single paper more 
than one of the prizes available and it may 
make honorable mention of papers which do 
not receive prize awards. All the national 
prizes for a given calendar year shall be 
awarded prior to May 1 of the succeeding 
year. They shall be presented at the next 
summer convention of the Institute. 

For the national best paper prizes the 
technical pregram committee shall indicate 
to the committee on award of Institute 
prizes the class under which each paper is to 
be considered for first prize. 

Basis of Grading Papers. The technical 
committees shall assist the committee on 
award of Institute prizes by grading papers 


Note—By action of the board of directors, all 
cash prizes for papers presented during the cal- 
endar year 1935, with the exception of the prize 
for Branch paper in each District, are to be 
omitted. Certificates, however, will be awarded 
to all winners as usual. 


at the time they are initially reviewed for 
acceptance. The valuations which shall 
govern the grading of papers for purposes 
of making awards shall be as follows: 


Analysis Of Subject... mnie sia sore eters 10 per cent 


The paper shall present a clear outline of the situa- 
tion out of which arises the need for the preparation 
of a paper on the particular subject, explaining the 
point of view assumed in the presentation. 


Logical Presentation.................. 10 per cent 


The presentation should include an analysis of the 
difficulties encountered, the methods of attack and 
the solution of the problem. 


Originality: 22:2foicieses:e class «ponies tetera 10 per cent 


Credit should be given to the paper which brings to 
its subject matter a fresh point of view, a healthy 
open-mindedness or a discarding of some outworn 
traditions. 


MIRILY ni eieiciatecoreie svete aay euokorarataKereterersionst tate 10 per cent 


While brevity and conciseness are important they 
should not be attained at the sacrifice of unity and 
completeness of presentation. 


Value in Its Field.......... idecctd etleheea 30 per cent 


The value of the paper as a contribution to the lit- 
erature in its own field should receive particular 
consideration. 


Value to Electrical Engineering........ 30 per cent 


The paper should be considered from the standpoint 
of the quality of its contribution to the advancement 
of electrical engineering and its value to civilization. 


Publication. Papers awarded prizes shall 
be published in full or in abstract, in ELEc- 
TRICAL ENGINEERING, in the TRANSACTIONS, 
or in pamphlet form: 


DIsTRICT PRIZES 


The following District prizes may be 
awarded each year in each geographical 
District of the Institute: 


1. Prize for best paper. 
2. Prize for initial paper. 
3. Prize for Branch paper. 


The District prize for best paper may be 
awarded for the best paper presented at a 
national, District, or Section meeting, pro- 
vided the author, or at least one of co- 
authors, is a member of the Institute. 

The District prize for initial paper may be 
awarded for the most worthy paper pre- 
sented at a national, District, Section, or 
Branch meeting, provided the author or 
authors have never previously presented a 
paper before a national, District, Section, or 
Branch meeting of the Institute, and the 
author, or at least one of co-authors, is a 
member of the Institute or is a graduate 
student enrolled as a Student of the Insti- 
tute. 

The District prize for Branch paper may 
be awarded for the best paper based upon 
undergraduate work presented at a Branch 
or other Student meeting of the Institute, 
provided the author or authors are Enrolled 
Students of the Institute. 

Each District prize may be awarded only 
to an author who, or to co-authors of whom 
at least one, is located within the District, 
and for a paper presented at a meeting held 
within, or under the auspices of the District. 

Only papers presented during the calendar 
year shall be considered. They must be 
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tubmitted in duplicate by the authors or by 
he officers of the Branch, Section, or Dis- 
rict concerned to the District secretary, 
mn or before February 15 of the following 
rear. 

Each District prize shall consist of a cer- 
ificate of award issued by the officers of the 
seographical District and $25 (see note 
elow) in cash. When papers are written 
ointly, the cash awards shall be divided and 
1 certificate shall be issued to each author. 
[The board of directors may, at its dis- 
retion, omit the cash awards for any of the 
yrizes. 

Committees on Awards. All the District 
Srizes for a given calendar year shall be 
uwarded prior to May 1 of the succeeding 
year by the District executive committee or 
oy a committee appointed by the District 
executive committee and authorized to 
make such awards. 
® Basis of Grading Papers. The valuations 
which shall govern the grading of papers for 
purposes of making awards shall be the 
same as those for the national prizes but the 
papers will not be graded by the technical 
sommittees. 

Copies of a pamphlet entitled ‘National 
and District Prizes’ may be secured, with- 
out charge, upon application to Institute 
headquarters. The information given in 
this pamphiet is identical with that pre- 
sented above. These rules were originally 
adopted by the Institute’s board of directors 
June 23, 1927; they were revised December 
7, 1928, January 27, 1932, and January 21, 
1935. The rules given above include the 
latest revisions. 


Note—By action of the board of directors all 
cash% prizes for papers presented during the cal- 
endar year 1935, with the exception of the prize 
for Branch paper in each District, are to be 
pmitted. Certificates, however, will be awarded 
to all winners as usual. 


New Wood Handbook 
Considers Utility Needs 


A handbook specifically adapted to the 
principal classes of wood use was published 
recently by the U.S. Forest Products 
Laboratory, Madison, Wis., headquarters 
of wood research for the federal Forest 
Service. This handbook is reported to be 
the first publication ‘of its kind to bring the 
requirements of public utilities and railways 
to definite focus with the properties and 
characteristics of American wood species as a 
whole in their treated and untreated condi- 
tion. 

The selection and use of lumber and tim- 
ber for general construction are dealt with 
in respect to grade, defects, strength char- 
acteristics, decay resistance, and ability to 
hold paint, and the effectiveness of various 
types of paints and finishes is given special 
attention. Of direct bearing on problems 
of timbering are the condensed data on 
mechanical properties of wood and the facts 
recently established in regard to growth 
ring placement, fatigue effects, seasoning, 
and shear relations. The chapter on timber 
fastenings includes the latest information on 
nails, screws, bolts, spikes, and the new 
plate and ring connectors which have 
greatly enlarged the engineering possibilities 
of wood in transmission towers, radio masts, 
bridges, and other heavy construction. 

The characteristics of standard wood 
preservatives are explained and the merits 
of the various processes set forth in relation 
to the kind of wood and the type of use. 
The hazards of decay and of attack by 
insects, marine borers, birds, and rodent 
animals are dealt with and corrective 
measures shown. 

Public utility and railway requirements 
in poles, ties, and piling are taken up in a 


special section of the handbook. Piling 
data are presented, and comprehensive 
information on crossties is given. 

Replacing reams of scattered pamphlets, 
magazine articles, and miscellaneous publi- 
cations, this handbook is considered to 
bring within its 306 pages the essential 
data on wood as a material of construction 
and use. The new ‘“‘Wood Handbook’’ is 
listed as U.S. Department of Agriculture 
unnumbered publication and can be ob- 
tained from the Superintendent of Docu- 
ments, Government Printing Office, Wash- 
ington, D. C., at 25 cents per copy, cash or 
money order. 


Washington Award Commission Elects 
Chairman. For the year 1935-36, the 
Washington Award Commission has elected 
Frank D. Chase, member and past president 
of the Western Society of Engineers, chair- 
man of the commission. This commission 
annually presents the Washington award, 
established in 1916 by Past-President Al- 
vord of the Western Society of Engineers 
“to an engineer whose work in some special 
instance, or whose services in general, have 
been noteworthy for their merit in promot- 
ing the public good.’’ The Washington 
Award Commission is composed of: C. A. 
Morse, F. H. Lane (M’23), D. J. Brumley, 
Frank D. Chase, M. M. Leighton, L. R. 
Howson, C. H. MacDowell, W. W. DeBer- 
ard, and L. R. Mapes (M’29), all represent- 
ing the Western Society of Engineers; and 
the following representatives of the 4 
founder societies: E. J. Mehren and Sam- 
uel A. Greeley (A.S.C.E.); J. R. Van Pelt 
and Gustav Egloff (A.I.M.E.); C. B. Nolte 
and O. A. Leutwiler (A.S.M.E.); and Wil- 
liam B. Jackson (A’97, F’18, and past vice- 
president) and L. A. Ferguson (A’01, F’12, 
and past-president) (A.I.E.E.). 


At the Recent Meeting of 


the Great Lakes District at Purdue University 


Aout 170 out of the total of 457 registered for the Institute’s Great Lakes District meeting held at Purdue University, West Lafayette, 


Ind., Oct. 24-25, 1935, areshown here. This group contains many Students, who were given special attention at the meeting, both to their 
benefit and that of many of the older members present. In the upper central background may be discerned one of the towers of Purdue’s 
high voltage experimental transmission line. In the central foreground appear (left to right) Dr. C. F. Harding of Purdue, Vice President 
G. G. Post of Milwaukee, President E. B. Meyer, Vice President N. B. Hinson of Los Angeles, National Secretary H. H. Henline, and 
Director P. B. Juhnke of Chicago. A report of the meeting is given on pages 1410-12 of this issue. 
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N.R.C. Electrical Insulation Committee 
Holds Eighth Annual Meeting at Pittsfield 


Tue eighth annual meeting and conference 
of the committee on electrical insulation, 
National Research Council held October 17 
and 18, 1935, at Pittsfield, Mass., as guests 
of the General Electric Company, was 
unusually successful and interesting. It 
embraced 3 technical sessions in which 24 
papers and progress reports of research were 
discussed, an evening lecture by Dr. Irving 
Langmuir, and high voltage demonstrations 
and inspections in the research laboratories 
and plants of the General Electric Company. 
Seventy-six members were registered and a 
number of local visitors participated. The 
following news report was prepared by 
A.I.E.E. Past-President J. B. Whitehead, 
long-time chairman of the N.R.C. insulation 
committee. 

The normal functions of the committee 
are the stimulation and co-ordination of 
research and the gathering, discussion, and 
publication of its results. The work in these 
several directions is unified at the annual 
meeting and conference. The papers pre- 
sented are largely in the form of progress 
reports, and finished manuscripts are neither 
exacted nor expected, nor is there any formal 
record of the discussions. Most of the 
papers presented ultimately find publica- 
tion in current scientific and technical 
journals. It is believed that the continued 
success and interest in the work of the 
committee is largely due to these informal 
features of its operation. Subcommittees on 
chemistry and physics are active in follow- 
ing current work in these fi:lds. A sub- 
committee om monographs has already di- 
rected the publication, under the auspices of 
the committee, of 4 volumes of moderate size 
by competent authors, on selected subjects 
in the field of dielectrics and insulation. 
Several other volumes in the same series are 
in the process of preparation. 


PAPERS ON Bastc 
CHEMISTRY AND PHYSICS 


A conspicuous aspect of the technical 
program of the recent meeting was the 
large number of papers on the basic chemis- 
try and physics of dielectrics. Those in the 
chemical field indicated a substantial spread 
in the attack of the problem of instability 
in high voltage insulation. With the reali- 
zation of the obscurity of this problem, 
researches in recent years have been pushed 
more and more deeply into the study of 
molecular structure, particularly in its 
chemical aspect. There were 6 progress 
reports in this field. They dealt particularly 
with refinements and extensions in the 
chemical testing of oils, in the separation of 
oils into more nearly pure components, with 
the oxidation of insulating oils, particularly 
as regards those aspects of oxidation which 
may be correlated with electrical behavior 
and the like. The extent of this problem in 
the important field of insulating oils was 
indicated in the statement that present 
methods of refinement permit the segrega- 
tion of the hydrocarbons in petroleum oils 
only into certain broad groups such as 
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gasoline, kerosene, lubricants, and the like. 
Hardly 5 per cent of a crude oil may be 
recognized as definite -hydrocarbons and 
these are all in the gasoline group. No 
single definite hydrocarbon has yet been 
isolated from the viscous fractions of petro- 
leum within which the insulating oils are 
commonly found. Attention was also called 
to the fact that no correlation is as yet pos- 
sible between the dielectric strength of an 
oil and its chemical or physical structure. 
Much the same thing may be said as to 
the several other important electrical prop- 
erties. It iscommonly believed that oxida- 
tion is one of the most important causes of 
deterioration in high voltage insulation. A 
number of experimental studies of various 
aspects of the oxidation process as related 
to deterioration are under way. A paper of 
special interest reported results from the 
effects of admixture of anhydrous oxidation 
products of pure oils as related to their 
conductivity and to the behavior of paper 
impregnated with the original oils and as 
modified. The results were quite definite in 
segregating certain classes of oxidation 
product as having little effect on conduc- 
tivity and loss and others as being markedly 
harmful. Another striking report was a 
review of the experimental processes back 
of the development of ‘“‘pyranol,”’ a recently 
developed noninflammable insulating liquid. 
This report presents a fine example of the 
advances possible through carefully con- 
sidered experimental research. 

In the field of physics further results were 
reported of X ray studies on rubber as 
bearing on changes under electric stress. 
Further data were presented on the influence 
of pressure on the breakdown strength of 
oils. Several papers were devoted to exist- 
ing theories of dielectric absorption and 
conduction, with special reference to under- 
lying causes in the light of new experimental 
data. Simplified methods of computation 
in practical cases for the avoidance of the 
inherent complexities of the phenomena 
themselves were also proposed. Of special 
interest in this direction was a paper on the 
distribution of the wide range of value of 
the relaxation time often encountered in 
solid dielectrics, the study being an exten- 
sion of the Maxwell-Wagner analysis with 
a method for evacuating the Wagner con- 
stants from typical experimental studies. A 
method for studying ionic mobilities in 
insulating oils was also reported with experi- 
ments indicating unexplained high values of 
such mobilities in liquids of relatively high 
viscosity. 


PAPERS IN FIELD OF 
APPLICATION AND PRACTICE 


Equally interesting were the papers in 
the field of application and practice. Several 
papers reported oscillographic and other 
studies on the electrical oscillations pro- 
duced in systems of high voltage conductors 
by incipient spark discharge and ionization 
such as mark the beginnings of cable failures. 
The range of frequency of these oscillations 


was explored and as related to stress, 
temperature, pressure, and other factors. 
The predominance of such oscillations in 
the parallel connection of test samples was 
shown and methods proposed for suppressing 
such oscillations. An extensive series of 
aging tests through over-voltage and tem- 
perature cycles on 66 kv cable was reported 
with studies of the mechanism of failure. 
The results of these tests point away from 
the importance of initial power factor and 
loss measurements, as well as a radial dis- 
tribution of the values of these quantities, 
as dominating factors in the life of cables. 
More important factors seem to be original 
care and thoroughness in impregnation. 
Ultimate failure in these tests was appar- 
ently due toa more or less widely distributed 
process of deterioration rather than to ther- 
mal failure arising in a local high conduc- 
tivity or other imperfection. 

A report on progress and research in the 
field of dielectrics and insulation during the 
foregoing year was presented by the chair- 
man, Dr. J. B. Whitehead. This report ap- 
pears in full beginning on page 1288 of this 
issue of ELECTRICAL ENGINEERING. 

Dr. Langmuir, under the title “random 
thoughts on dielectrics,’ dealt with the 
atomic aspects of dielectric structure, par- 
ticularly as regards the significance of 
electronic energy levels within the atom in 
their relation to the processes of ionization. 
The lecture was followed by an interesting 
and illuminating informal discussion. 


A.S.1T.M. Standards 
on Insulating Materials 


The “Standards on Electrical Insulating 
Materials” recently published by the 
American Society for Testing Materials 
presents under a single cover A.S.T.M. 
standards that are in widespread use for 
testing and evaluating electrical insulating 
materials. The 1935 edition, 311 pages, 
gives 25 standardized methods of test and 10 
specifications. The method of testing shel- 
lac has not been published heretofore. 
During 19385, revisions were made in a 
number of the test methods including those 
covering the following: varnishes, solid 
filling and treating compounds, molding 
powders, sheet and plate materials, lami- 
nated tubes and round rods, natural mica, 
and flexible varnished tubing. 

Specifications which have been revised 
cover the following materials: friction tape, 
rubber insulating tape, and flexible var- 
nished tubing. 

The current report of committee D-9 
outlines the extensive research and stand- 
ardization work under way, gives a modified 
Baader saponification test for insulating oils 
and proposed requirements for rubber insu- 
lating blankets. 

The following materials are also covered 
by specifications or tests given in the book: 
rubber gloves, rubber matting, electrical 
cotton yarns, silk and cotton tapes, pasted 
mica, and slate; also, black bias cut var- 
nished tape; asbestos yarns, tape and rov- 
ing; untreated paper; electrical porcelain; 
and insulating oils. Other tests which are 


included cover procedures for thickness | 
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testing, impact, thermal conductivity, re- 
sistivity. 

Copies, bound in heavy paper cover, can 
be obtained from A.S.T.M. headquarters, 
260 S. Broad St., Philadelphia, at $1.75 per 
copy. Special prices are in effect on orders 
for 10 or more copies. 


“The Handbook of Chemistry and Physics” 
(flexible fabrikoid, 4 by 61/2 inches, 1,951 
pages, $6) newly revised, enlarged, and 
otherwise brought up to date, has just been 
published by the Chemical Rubber Publish- 
ing Company of Cleveland, Ohio. For 
some 22 years, this handbook has served 
those having need for accurate tables, for- 
mulas, and scientific data in a single con- 
venient volume. The current issue is ma- 
terially more complete than earlier issues. 
Material prepared for the 20th edition in- 
cludes the following important features: 
physical constants of organic compounds, 
formula index of organic compounds, the 
pronunciation of chemical words, rules for 
naming organic compounds, prefix names of 
organic radicals, properties of the amino 
acids, X ray spectra, magneto-optic rota- 
tion, colorimetry, photometry, and a wealth 
of other information in tabular form includ- 
ing mathematical tables, properties and 
physical constants, general chemical tables, 
heat, hygrometry, sound, electricity, light, 
and miscellaneous quantities and units, all 
of which should be invaluable in the com- 
mercial, educational, or research laboratory. 


Hughes Medal Awarded. The Hughes 
Medal has recently been awarded by the 
Royal Society (London, Eng.) to Dr. C. J. 
Davisson, research physicist of the Bell Tele- 
phone Laboratories, Inc., New York, N. Y., 
for his discovery, jointly with Dr. L. H. Ger- 
mer, of electron diffraction. The award, es- 
tablished in 1900, has been conferred on such 
distinguished scientists as Dr. Alexander 
Graham Bell, Dr. O. W. Richardson, Dr. 
W. D. Coolidge, Dr. Irving Langmuir, 
and Mr. E. V. Appleton. Electron diffrac- 
tion is what takes place when a stream of 
electrons is shot into a suitable crystal. 
The atoms, arranged in a regular pattern in 
the crystal, cause the electrons to emerge in 
a few sharply defined beams. Occurrence 
and disposition of the beams can only be 
explained by the hypothesis that electron 
streams behave in some respects like trains 
of wave such as those of light and X rays. 
Since it was well known that electrons are 
just as discrete particles as the pellets of 


lead from a shot gun, the idea that a stream - 


of them could also be treated as a beam of 
light was a forward step which opened up 
wide vistas to the atomic physicist. 


Radio Data Charts. A second edition of 
“Radio Data Charts” which contains many 
new charts added in accordance with mod- 
ern developments has been issued by Iliffe 
and Sons Ltd., Dorset House, Stamford 
Street, London, and is priced at 4s 6d net, 
or 4s 10d postpaid. The nomographs enable 
results to be obtained quickly which other- 
wise require laborious calculation, and are in- 
tended to be useful in the design of coils, 
transformers, etc., and to give other essen- 
tial data. Explanatory notes are included. 
R. T. Beatty is the author. 
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Institute Finances 


for 1935-36 


Tue board of directors and the finance 
committee of the Institute feel that no better 
opportunity is afforded to inform the mem- 
bership regarding developments affecting 
the organization and activities of the Insti- 
tute than the presentation of the budget of 
estimated income and expenditures for the 
appropriation year beginning October first, 
in conjunction with the report of actual 
revenue and expenses of the preceding year. 
While information regarding the finances of 
the Institute is regularly furnished to the 
membership in the annual report of the 
board of directors, it is not feasible on that 
occasion to furnish a statement of details 
which would explain the underlying reasons 
for increases or decreases in expenditures for 
various activities. 

Accordingly, the following comments are 
given to explain the expenditures authorized 
in the new budget for those activities con- 
sidered by the board of directors and finance 
committee to be of major interest to the 
greatest number of members, together with 
a table of expenses and income with com- 
parative figures for the last appropriation 
year (see table I). 


PUBLICATIONS 
ELECTRICAL ENGINEERING—TRANSAC- 
TIONS. Under the unified publication policy 


in effect since January 1934, the budget 
provides for publication in the official 
monthly journal, ELECTRICAL ENGINEERING, 
of approximately the same amount of 
technical papers and discussions as printed 
last year (1,380 pages) and for subsequent 
publication of identically the same material 
in the corresponding bound volume of 
TRANSACTIONS, which latter publication is 
distributed to members and others who have 
duly authorized the subscription charge for 
such volume. Since the adoption of the bud- 
get, it has also been decided to incorporate 
in the December 1935 issue of ELECTRICAL 
ENGINEERING, the annual reference index 
to papers and discussions published during 
the year, rather than to provide this index 
in separate pamphlet form for distribution 
only upon request. 

YeEAR Book. Last year’s appropriation 
for the Institute YEAR Boox provided funds 
only to meet the necessary expenses for 
maintaining the membership and mailing 
records. The budget for the present year 
contemplates the publication of a revised 
edition of the Institute YEAR Book early in 
1936, on the basis of an edition of 4,000 
copies, to be sent to members of the Insti- 
tute upon receipt of request. An announce- 
ment will appear in the news columns of 
ELECTRICAL ENGINEERING as soon as the 
1936 edition is ready for distribution. 


INSTITUTE MEETINGS 


The expense for holding the annual winter 
convention in New York City in January 
has been provided for on about the same 
basis as last year; the appropriation for the 
summer convention at Pasadena, Calif., in 
June 1936 exceeds the cost of last year’s 
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convention by reason of the distant locatiou 
of the meeting and the consequent increase 
in traveling expenses. 

The appropriation for the Middle Eastern 
District meeting held last month in West 
Lafayette, Ind., as well as the North Eastern 
District meeting to be held in New Haven 
Conn., May 6-8, 1936, contemplates the 
same expenditures as paid for similar meet- 
ings in the past. 


INSTITUTE SECTIONS 


After having received the co-operation of 
all Institute Sections during the past 4 years 
in the acceptance of a voluntary reduction 
in the annual appropriation, it is a pleasure 
to report that the budget provides this year 
for full payment of the financial support to 
Sections as specified in Section 48 of the 
by-laws; i. e., a flat appropriation for each 
Section of $175, plus an allowance of $1 for 
each active member located within the 
territory of the Section on August first. 


INSTITUTE BRANCHES 


Reimbursement of routine expenditures 
incidental to the holding of meetings at 
Institute Branches is expected to involve 
about the same expenditures as last year; 
other items of expense chargeable to Branch 
activities have been provided for similarly. 
Under the paragraph captioned “traveling 
expenses’’ will be found an explanation of 
the allowances authorized for Branch repre- 
sentatives to the District conferences on 
student activities, and for the Counselor 
Delegates to the summer convention. 


ADMINISTRATION 


Almost 3/; of the appropriation for ad- 
ministrative expenses is required for salaries, 
this appropriation covering 41 per cent of the 
total salaries paid to 20 members of the 
headquarters staff, in addition to the full 
salary of the national secretary and the 
office manager. In this connection it is 
pertinent to mention that the Institute 
maintains the smallest staff per 1,000 mem- 
bers of any of the founder societies. At 
the recommendation of the finance commit- 
tee, the board ot directors voted to restore 
the balance of the headquarters staff salary 
reduction voted in June 1932 to the extent of 
approximately 3 per cent of the salaries paid. 

Other items in this appropriation are 
provided for to the same extent as last year; 
expenditures for postage, printing, and 
mailing of general announcements to the 
membership, telephone and telegraph serv- 
ice, insurance, office equipment, miscel- 
laneous supplies and services not charge- 
able to specific appropriations, etc. 


TRAVELING EXPENSES 


With the object of providing reimburse- 
ment of substantially all of the expense in- 
curred for railroad fare, Pullman accom- 
modations, and meals en route, the traveling 
allowance to District, Section, and Branch 
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Table I—Institute Income and Expenses for 
Year Ending September 30, 1935, and Budget 
for Year Ending September 30, 1936 


Actual Income 


and expenses Budget for 
year ending year ending 
9/30/35 9/30/36 

Income 
tea teach pete wrens sw eons $174,543.17... $175,500.00 
Students’ fees.........- 9,156.00... 9,000.00 
Entrance fees.......... 5,161.90... 5,000.00 
MPAtISteriLeeS penis er. sn 1,065.00... 1,000.00 
Wdvertisings ccs c+ 62 22,514.80 25,000.00 
Evrec. ENGG.-—non- 

member subscrip- 

LIONS Heo ieee ene s 12,322.43 12,500.00 
TRANS. subscriptions... 6,411.15 6,500.00 
Miscellaneous sales..... 6,269.23... 5,750.00 
Badge sales...2- 6+ -5+ 1332250 1,250.00 
Interest on securities... 7,546.19 7,425.00 
Excess of estimated ex- 

penses over est. in- 

COMIC eG eee er cic caeielors tiie, eceera 1,132.26 
Motalmecteiestee is wos ses $246,322.37. ..$250,057,26 
Expenses 
Publications 

extra tcen i-to-i $ 64,638.65... $68,080.00 

Advertising section... 10,687,54... 11,475.00 

VrAR BOOK: ..0..<0%%. 2,340.14... 6,300.00 
Institute meetings...... 10,800.87... 11,430.00 
Institute Sections 

Appropriations....... 17,974.45... 21,554.00 

Trav. exp. conven- 

tion delegates...... 2,705.30... 7,200.00 
Other expenses....... 4,995.88... 5,600.00 

Institute Branches 

Meeting expenses..... 728.32... 1,000.00 

Trav. exp. District 

Conferences on 

Student activities. . 2,803.30... 5,250.00 
Trav. exp. Counselor 

Delegates to con- 

\kSeh (OSG ec oe OO 536.75... 1,100.00 
Other expenses....... 1,832.87... 1,910.00 

Administration 

Headquarters sala- i 

SELES iste fers) oto! oaiiohe hee 31,468.23... 32,750.00 
LEG LE ain Gio aR 3,228.54... 3,300.00 
Stationery and print- 

AN Zc sperele siete cise vs seit 3,230.05... 3,300.00 
Office equipment..... 424.74... 500.00 
Trav. exp. nat’lsecy.. 123.25... 1,000.00 
Telegraph and tele- 

phone, insurance, 

express, misc. sup- 

plies and services... 2,491.21... 2,350.00 

Membership commit- 

Sy Ghduboodonoaontos 7,315.43... 7,125.00 
Standards committee... 5,394.61... 6,775.00 
American Standards’ 

INE Onegin BOBO 1,000.00... 1,000.00 
American Engg. Coun- 

Ciletyere « Sasterechese sais de 9,000.00... 10,000.00 
Engineering Societies 

Employment Service 

New York Office... 3,201.39... 3,400.00 

Wash. D.C.rep.... 333.32 

Traveling exp. general 

Board of directors.... 5,045.57.,.. 7,000.00 

Geographical Dists... 1,100.60... 2,250.00 

Nat. nominating 

COM ecco piccen iis s!s 1,300.67. . 650.00 
President’s appro- 

DPrration sy. «2c. as 737.30... 1,500.00 

United Engg. Trustees Fite os 

Building assessment. . 5,153.31... 5,882.28 

Library assessment... 8,586.39... 8,759.60 

Library equipment... 468.75... 21 Ess 
Other committees and 

miscellaneous expen- 

SOS MET cy oi cie whe tye waren 8,854.84... 9,505.00 
SOLA a Mevelealcreie ysis ce, she 5.6 $218,502.27 
Excess income, applied 

toward replacement 

of withdrawals from 

reserve capital fund, 

to meet operating 

deficits years 1930-32.. 27,820.10 

$246,322.37 $250,057.26 


$$$ 
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representatives has been authorized this 
year as follows: 

1. Seven and one-half cents per mile, one way, 
for each vice president of the Institute to one 
meeting each year of each Section and each Branch 
within his Geographical District, it being under- 
stood that joint meetings of Sections and Branches 
will be arranged as far as may be expedient. 


2. Seven and one-half cents per mile, one way, for 
the vice president, the District secretary, the chair- 
man of the District committee on Student activi- 
ties, and either the chairman or the secretary of 
each Section within a District (or, if neither can 
attend, an alternate chosen by the executive com- 
mittee of the Section) to one meeting each year of 
the District executive committee held within the 


District. 


8. Seven and one-half cents per mile, one way, for 
the vice president and secretary of each District, 
and the counselor and the incoming Student chair- 
man of each Branch within the District (alternates 
not authorized) to one conference on student 
activities within the District each year under the 
auspices of the committee on Student activities of 
the District. 

4. Five cents per mile, one way, for one delegate 
from each Section to the annual summer convention. 


5. Five cents per mile, one way, for one Student 
Branch counselor from each District, to represent 
the committee on Student activities of the District 
to the annual summer convention, 


6. Five cents per mile, one way, to all members of 
the national nominating committee to the annual 
meeting of the committee, held during the winter 
convention. 


It will be noted that the rate of 5 cents per 
mile, one way, has been retained for travel- 
ing expenses to meetings which will be held 
during the winter and summer conventions, 
when the certificate plan for a reduced 
return fare, and summer excursion rates, 
respectively, will be in effect. Similarly, 
the budget provides for payment of travel- 
ing expenses for attendance at the meetings 
of the board of directors and executive 
committee at the rate of 5 cents per mile, 
one way, for the January and June meetings 
and 7'/. cents per mile to all other meetings. 

The recommendations of the finance com- 
mittee with respect to traveling allowance 
were adopted by the board of directors with 
the understanding that the entire subject 
will receive further consideration by the 
committee, and subsequently by the board 
of directors at its January meeting. 


OTHER ACTIVITIES 


The remainder of the budget comprises 
those items for which further explanations, 
beyond a statement of the appropriation or 
activity, the amount expended last year, 
and the anticipated expense for the present 
year, probably are unnecessary. It will be 
noted that an annual contribution of $10,000 
is being made to American Engineering 
Council. Payment of the balance of the 
Institute’s share of the cost of new stacks 
for the Engineering Societies Library has 
been decided upon, in place of amortizing 
this expense over a period of 4 years, oppor- 
tunity for which was afforded by United 
Engineering Trustees. 

In the above brief presentation it has, of 
course, been quite impossible to describe 
the nature and relative importance of the 
various items which make up the annual 
budget. From an intimate knowledge of 
such affairs, however, the board of directors 
and finance committee have again endeay- 
ored to adopt a budget which places the 
proper emphasis on the different phases of 
Institute activities, and which limits the 
annual expenditures to the approximate 
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total of anticipated income for the cor- 
responding period. Obiously, the correct- 
ness of the information which has been 
prepared is largely dependent upon the 
prompt collection of annual membership 
dues, the chief source of Institute revenue, 
but with a knowledge of the excellent record 
of support contributed by the membership 
in the past, the board of directors and finance 
committee enter upon a new administrative 
year of the Institute confident that its efforts 
to maintain the Institute’s record of services 
to all members and its substantial progress 
in the advancement of the electrical engi- 
neering profession are assured of success. 


Montefiore Award 
for 1935 Presented 


The triennial award of the George Monte- 
fiore Foundation of the University of Leeds, 
Belgium, has been presented for 1935 to 
Gabriel Kron (A’30), general engineering 
department, General Electric Company, 
Schenectady, N. Y. This prize, of 10,000 
Belgian francs, was awarded for the best 
original work on scientific advancement and 
progress in technical application in any field 
of electricity submitted to the foundation 
for consideration. 

The award to Mr. Kron was based upon 
a memoir which he entitled ‘““Non-Rieman- 
nian Dynamics of Rotating Electrical Ma- 
chinery,’”’ and submitted some time ago. 
Announcement of the availability of this 
prize was given in ELECTRICAL ENGINEER- 
inc for June 1934, page 1026. The first 
prize in this competition, which is inter- 
national in scope, has not been awarded to 
an American since 1923 when it was won 
by Dr. J. B. Whitehead (A’00, M’08, F’12, 
life member and junior past-president), dean 
of the school of engineering, Johns Hopkins 
University, Baltimore, Md. 


Heat Transmission Symposium to Be Held. 
The symposium on heat transmission to be 
held at Yale University, New Haven, Conn., 
December 30-31, 1935, under the auspices 
of the chemical engineering department, 
continues the policy inaugurated in 1934 
by the division of industrial and engineering 
chemistry of the American Chemical So- 
ciety, of holding special meetings for chemi- 
cal engineering symposiums. The subject 
of heat transmission has been chosen for 
the forthcoming meeting, because of its 
wide appeal to chemical engineers, indus- 
trial chemists, and engineers in other fields. 
The tentative program includes 13 papers 
in the broad field of heat transfer, including 
heat conduction in solids, heat transfer by 
convection between fluids and solids, and 
heat transfer by radiation. Meetings will 
be held at the Sterling chemistry laboratory 
of Yale University, on Monday afternoon, 
December 30, Tuesday morning and after- 
noon, December 31. Any one interested is 
invited to attend whether a member of the 
division or not. There will probably be a 
small registration fee to cover the cost of 
preparing, in advance of the meeting, ab- 
stracts of the papers to be presented. A 
brief address of welcome will be given by 
Prof. R. E. Doherty (A’16, M’27), dean of 
the Yale engineering school. 


ELECTRICAL ENGINEERING 


Avniericacs 


Bevecsinoe rine (Capel 


A.E.C. Committees 
Meet in Washington 


Preliminary to the annual assembly of 
American Engineering Council which will 
be held in Washington, D. C., on January 
9-11, 1936, meetings of 2 of Council’s com- 
mittees were held in Washington, November 
1 and 2, 1935. 

The public affairs committee of A.E.C. 
met on November 1; this committee, made 
up of representatives of national and local 
societies, together with chairmen of the 
major subcommittees of the public affairs 
committee, discussed several major public 
policies in which engineers have an oppor- 
tunity for the expression of opinion. The 
following subjects were included: adminis- 
tration of public works; development of 
areonautics; competition of government 
with engineers in private practice; develop- 
ment of water resources; the trend in patent 
legislation; and the demand for rural 
electrification. Approval was given to the 
development of complete reports on these 
subjects at the January meeting. 

In line with Council’s many actions on the 
basic federal survey and mapping program 
of the United States, it was voted that 
Council continue to work for a co-ordination 


of basic mapping activities and that such 
a mapping program should not be considered 
an emergency or relief measure, but a funda- 
mental matter underlying any program of 
national planning. In the further discus- 
sion which developed around the relation 
of engineers to national planning, it was 
agreed that engineers, by their training and 
experience, can make contributions to social 
and economic as well as to technical features 
of planning in its national, state, and local 
phases. 

The public affairs committee recorded it- 
self as in complete sympathy with the efforts 
of the National Civil Service Reform League 
to establish a wider public understanding of 
the essential value of the merit system, 
and further co-operation of Council with 
other engineering bodies to support the 
merit system as the only sound basis for 
improvement in the technical services of 
the government was recommended. Also, 
it was proposed to co-ordinate further the 
work of the national, state, and local public 
affairs committees in order that Council, 
in all matters, inay be truly representative 
as a complete cross section of the profession. 

At the meeting of the executive committee 
of A.E.C. held November 2, the nominating 
committee, consisting of A. W. Berresford 
(A’94, M’06, F’14, member for life, and 
past-president) New York, N. Y., chairman, 
H. P. Eddy of Boston, Mass., and Robert 
W. Yarnail of Philadelphia, Pa., unani- 
mously reported the selection of Dr. A. A. 
Potter, dean of the school of engineering, 
Purdue University, West Lafayette, Ind., 
as nominee for the presidency of Council 
for 1936-37. 


United fentqineccring icistoce: Inc. 


The Joint 
Engineering Organizations 


United Engineering Trustees, Inc., or- 
ganized in 1904, is now a joint agency of 
the 4 national societies representing the 
civil, mining and metallurgical, mechanical, 
and electrical engineers. It is organized in 
3 departments, namely, the administrative 
department, The Engineering Foundation, 
and the Engineering Societies Library. 

The administrative department manages 
the Engineering Societies Building and all 
trust funds placed in the hands of the 
United Engineering Trustees, Inc. The 
Engineering Foundation, founded by Am- 
brose Swasey (HM’28) in 1914, is entrusted 
with the expenditure of the income from 
endowments and other funds, its present 
preferred activity being engineering research. 
The Engineering Societies Library is a free 
public library which, with its numerous 
activities, is operated for users at a distance, 
as well as for those who visit its rooms in the 
Engineering Societies Building. 

In the accompanying articles will be found 
announcement of the election recently held 
by United Engineering Trustees, Inc., and 
abstracts of the annual reports of this 
organization and of The Engineering 
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Foundation. The recent election of The 
Engineering Foundation, held as part of the 
annual meeting on October 10, 1935, was 
reported in ELECTRICAL ENGINEERING for 
November 1935, page 1275. 

This year, 1935, marks the advancing of 
the dates of annual meetings and elections 
of both these organizations, as a result of 
the new by-laws, which change the end of 
the fiscal year from December 31 to Septem- 
ber 30. For both of these organizations 
in 1935, therefore, the fiscal year was only 
9 months in length. Changes in the terms 
of officers and trustees of United Engineer- 
ing Trustees, Inc., and of officers and direc- 
tors of The Engineering Foundation, have 
been made, as announced in ELECTRICAL 
ENGINEERING for April 1935, page 457. 


Election of United 
Engineering Trustees, Inc., Held 


Officers to serve United Engineering 
Trustees, Inc., for the 1986 year were 
elected at the annual meeting of that 
organization held in the Engineering Socie- 
ties Building, New York, N. Y., October 
24, 1935. G. L. Knight (A’11, F’17) vice 


president in charge of mechanical operations 
of the Brooklyn Edison Company, Brook- 
lyn, N. Y., was elected president of United 
Engineering Trustees to serve for the 
period ending at the annual meeting in 
October 1986. (A brief sketch of Mr. 
Knight’s career is given in this issue of 
ELECTRICAL ENGINEERING, page 1423.) 
H. G. Moulton continues in office as first 
vice president, having been elected last 
January to serve for the period ending 
October 1936. At the recent annual meet- 
ing, Otis E. Hovey was elected second vice 
president, for the term ending October 1937. 
John Arms was re-elected secretary, and 
Albert Roberts was elected to serve as 
assistant treasurer, both for the term end- 
ing October 1936. The resignation of C. P. 
Hunt as treasurer was accepted, and the 
nominating committee was requested to 
make further suggestions for the office of 
treasurer. 

The names of all members of the board of 
trustees of United Engineering Trustees, 
Inc., including both new members and hold- 
over members are given in the following 
tabulation: 


Terms expiring October 1936 


John P. Hogan A.S.C.E. representative 
H. G. Moulton A.I.M.E. representative 
D. Robert Yarnall A.S.M.E. representative 
H. R. Woodrow 

(A’12, F’23) A.I.E.E. representative 
Terms expiring October 1937 
Otis E. Hovey A.S.C.E. representative 


Walter Rautenstrauch A.S.M.E. representative 
Terms expiring October 1938 


J. P. H. Perry A.S.C.E. representative 
A. L. J. Queneau A.I.M.E. representative 
Harold V. Coes A.S.M.E. representative 
George L. Knight 

(A711, F’17) A.I.E.E. representative 


Terms expiring October 1939 


Albert Roberts A.I.M.E. representative 
H. P. Charlesworth 
(M’22, F’28, and past- 


president) A.1.E.E. representative 


Of these, J. P. H. Perry and Albert Rob- 
erts became new members, and H. V. Coes 
and H. P. Charlesworth became reappointed 
members, of the board of trustees at the 
annual meeting on October 24, upon pres- 
entation of credentials from the founder 
societies. All others are hold-over mem- 
bers. Mr. Rautenstrauch is completing 
the unexpired term of W. L. Batt. 


CommitTEES APPOINTED 


The following committees were appointed 
by the president: finance committee, Otis 
E. Hovey, chairman, H. G. Moulton, Albert 
Roberts, Walter Rautenstrauch, and George 
L. Knight (A’13, F’17) ex-officio; real estate 
committee, H. R. Woodrow (A’12, F’23) 
chairman, J. P. H. Perry, A. L. J. Queneau, 
and H. V. Coes. 


Annual Report Issued by 
United Engineering Trustees, Inc. 


The annual report of United Engineering 
Trustees, Inc., for 1935 has been submitted 
by Harold V. Coes, president for the term 
expiring September 30, 1935. The fiscal 
year of 1935 covered 9 months only, January 
1 through September 30; this was the tran- 
sition period under the new by-laws, which 
changed the year end from December 31 to 
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September 30. In consequence, all acts 
were based upon an apportioned budget, for 
comparative purposes. 

U.E.T. continues as treasurer for the 
Professional Engineers Committee on Un- 
employment (of the metropolitan area of 
New York, N. Y.) and has recently accepted 
appointment as treasurer for the Engineers’ 
Council for Professional Development. 

Improvements have been made to the 
Engineering Societies Building, particularly 
to the auditorium. The public address 
system has been improved, as have the 
seating arrangements. Obsolete types of 
lighting fixtures have been removed from 
the building, and replaced by, better and 
more efficient fixtures. 

Operations of U.E.T. have been simplified 
in several respects under the new by-laws. 

The departments of U.E.T. are reported 
to have remained within their budgets for 
the year, which are made on a most con- 
servative basis. Changes have been made 
in mortgages and other investments held, to 
the advantage of the corporation. A sum- 
mary of the report of the finance committee 
of the corporation for 1935 appears in 
table I. If this tabulation is compared 
with the similar one for the preceding year 
which appeared in ELECTRICAL ENGINEER- 
ING for April 1935, page 458, it should be 
noted that the accompanying tabulation 
for 1935 does not include the: founder 
societies’ interest in the library, which, it is 
reported, was appraised at $480,300 in the 
year 1933. The aggregate book value of the 
investments included in the accompanying 
tabulation is $1,351,380.60 at September 30, 
1935, and the aggregate valuation based 
upon market quotations on that date is 
$1,283,617. 


Annual Report Issued by 
Engineering Societies Library 


' The annual report of the Engineering 
Societies Library for the period January 1 
to September 30, 1935 has been submitted 
by Harrison W. Craver, director. It con- 
tains information on the use made of the 
library, its acquisitions and finances. 

The number of users was 30,289, approxi- 
mately the same as for the first 9 months 
of 1934. Of these, 22,399 were readers in 
the library, the remaining 7,890 being non- 
visitors who contacted the library by mail 
or telephone. One hundred and ten searches 
and 90 translations were made and 128 
books were lent to 114 members. There 
were orders from 1,671 persons for photo- 
prints, requiring the taking of 13,214 photo- 
graphs. Letters were written answering 
inquiries from 2,298 persons and 3,606 were 
assisted by telephone. 

An interesting tendency is the increasing 
use of the library as a general intelligence 
office, or information bureau. Also, there 
was a large increase in the number of trans- 
lations during the year, the number of 
works translated during the 9 months end- 
ing September 30, 1935, being slightly 
greater than that during the preceding 
12 months. 

Through purchase and gifts 7,877 items, 
consisting of books, pamphlets, and maps, 
were acquired. Of these, 5,180 pieces were 
not already in the collection. The current 
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numbers of 1,353 periodicals were received, 
and 273 volumes, worth approximately 
$1,000, were sent by publishers for review. 

Gifts amounted to 6,787 items. Among 
these were gifts from the estates of Axel O. 
Thlseng, Calvin W. Rice, H. de B. Parsons, 
and John W Lieb. Valuable gifts also 
were received from R. A. Lesher, George 
C. Stone, R. W. Seabury, the Huntington 
Free Library Reading Room, the Parsons 
Steam Turbine Company, and the Amkniga 
Company. 

On January 1, the library contained 
134,344 books, 6,965 maps, and 4,241 manu- 
script bibliographies, or searches. The 
corresponding figures on September 20 were 
136,464 books, 7,064 maps, and 4,259 
searches. In addition 2,741 pamphlets 
were added to volumes which had been 
accessioned previously. The loan collec- 
tion contained 815 volumes on September 
30, and there were approximately 11,500 
duplicate books on hand. All new material 
has been cataloged, many improvements in 
the catalog having been made. 


During the 9 months, 17,389 references 
were added to the classified index to periodi- 
cal literature, a greater number than in the 
12 months of 1934. This was accomplished 
without any increase in staff. The index 
now contains about 132,000 cards, and has 
become a valuable guide to recent literature. 

The budget for general operations during 
the calendar year 1935 as adopted by the 
trustees and the founder societies, was 
$42,800. Of this amount $33,300.10 con- 
sisted of appropriations by the founder 
societies, as follows: 


American Society of Civil Engineers. .... $8,725.80 
American Institute of Mining and Metal- 

lursrcalbnginecrs ee eee eee 6,780.96 
American Society of Mechanical Engi- 

neers ...... a . 8,900.04 
American Institute “of Electtical Engi- 

EELS ars ove oie ereieheri oars a sthateva pinks eaten 8,893.30 


Expenditures for the 9 months amounted 
to 30,612.71. For work done by the 
service bureau $5,834.34 were received; 
the expenses of the bureau were $4,059.85. 


Table I—Summary of U.E.T. Finance Committee Report for 1935 


Operation of Building 


Operating revenue. 
Less operating expenditures. 


Operating gain 1935. 
Operating credit OROIe vearsn 


1934 expenditure charged to Hemecnuon fond renewal final in "1935. 


Credit balance Sept. 30, 1935........... 
Operation of Library 


WMairtenancetevientien nn crRr adie mecat Rone ee te ee 


Maintenance expenditures: ....5.....i0:..... 


Creditibalance:foryearelOB8bs gee cecrir ee eae ee ee 
Creditibalancesitomepre vious Veale irate aye ee ee 


Creditibalance:SeptsoO 19300: ae ere ee Cee een 


Service bureau revenue 


Service bureau expeuditures as and erinueeents s eee. os * : : os = if i : ; 
CreditibalanceiSepto 0 al 9S buen meee eines ae ate a nee en 


Total net operating credit balance cumulated to Sept. 30, 1935.......... 


Funds and Property 
Funds Included: 


Engineertng Foundation findis,... 260: s. arenes oo ook 
EdwardsDean Adamsifundess5.s6n acne tees 
Libraryiendowanent find) nerey.ean oc ee ee 


Depreciation and renewal fund............. 
General reserve fund...... 


Total. ; als va 
Less deterted Boatce. sale. of securities 


Total investment Sept. 30, 1935. 
Loans from ee and renewal fund... 
Cash uninvested. 


Total (see above). 
Net loss on sale of pecurities!: 


Total (see above). 
Real estate, cost of sept "30, 1935. 
Operating cash. CAA Oe 
Investments, See ae oon 
Prepaid fire insurance. 
Accounts receivable, gross. 


The Engineering Foundation—unexpended j income..... 
The Engineering Foundation—temporary investment... 
Alloys of iron research—unexpended income...... 
The Engineering Foundation custodian fund assets 


Henry. R. Towne engineering fiund=5) eee ae 


Total. cin 
mndowment comemmites (Adenis apense Hinde 
John Fritz Medal Fund (Custodian) 


wectitities/held.wept.s0 = 1930ss ae ee ae 
Cash on handsSept, 30, 1935.5. 2500) 00 ee 


$75,845.42 

ree 635. ae 

3,209.59 

1,667.23 

542.56 

$ 5,419.70 
$32,194.57 
31,358.04 
836.53 
$ 3,697.83 

$ 4,534.36 
$ 5,834.34 
4,090.20 

$ 1,744.14 

$ 6,278.50 

Book Value Market Value 
$ 783,132.74 
100,000.00 
174,544.32 
336,992.38 
0.00 


$1,394,669.44 
75,095.76 


$1,319,573.68 
$1,290,277.47 $1,235,215.00 
7,516.66 


21,779.55 


$1,319,573.68 
75,095 76 


$1,394,669. 44 
$1,987,793.92 
13,106.20 
5,000.00 $ 
3,010.39 
1,015.87 
25,372.17 
6,180.00 $ 
5,118.15 
909.51 
50,000.43 $ 


4,978.00 


6,300.00 


37,124.00 


$3,417 ,080.32 
$ 702.57 


$ 3,500.00 $ 
142.80 


3,430.00 
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Annual Report Issued 
by Engineering Foundation 


The annual report of The Engineering 
Foundation for 1935, which this year 
includes the 9 months ending September 30, 
has been submitted by H. P. Charlesworth 
(M’22, F’28, and past-president) chairman 
of the Foundation, and Dr. Alfred D. Flinn, 
director. 

A summary of the capital funds of The 
Engineering Foundation is as follows: 


Endowments, total book value on Sep- 


LOMibereo0yLOSo ae meee eee 882,000 
E. H. McHenry bequest, in hands of 

executors during lives of 2 benefici- 

aries, as appraised in 1931, approxi- 

TOALC ly Mele cor aha tack aurea 400/000: 


A condensed financial statement of 
Foundation for the 9 months ending 
September 30,1935, follows: 


Resources 


Balance jantatys Ua lOSon umes tee 
Receipts 
Income from endowment 
and temporary investment 
of income balance.......... $26,906 
Income from m‘nor items..... 663... 


. $21,781 


27,569 


Motaliresourcesscres.. ils fei seco ote AOC OO 


Expenditures 


Researeh projects........... 
Promotion of research and ad- 
ministrative expenses......... 6,698 


Total for furtherance and support of re- 


Cher (1 1” ee SE eee nS eee eee ee . $17,998 


Balance October UT, 19852256 2s 1. se Ol O02 


Money contributions from organizations 
and individuals, for specific activities, passed 
through the Foundation’s accounts from its 
organization to September 30, 1935, totaled 
$232,726. 

Activities aided by Foundation during the 
9 months ending September 30, 1935, in- 
cluded: 


1. Continuation of the earths and foundations 
research, conducted by the American Society of 
Civil Engineers. 


2. Continuation of the alloys of iron research, and 
the barodynamic research, both sponsored by the 
American Institute of Mining and Metallurgical 
Engineers. 


3. Experimental studies of critical pressure steam 
boilers, boiler feed waters, effect of temperature on 
properties of metals, cottonseed processing, strength 
of gear teeth, and cutting of metals, conducted by 
The American Society of Mechanical Engineers. 


4. A fundamental study of pure iron electrodes, 
in connection with welding, sponsored by the 
American Institute of Electrical Engineers. 


5. Organizing and planning a comprehensive 
program for research in all branches of welding, 
sponsored by the American Institute of Electrical 
Engineers and the American Welding Society 
jointly. 


6. Research projects of the Engineers’ Council for 
Professional Development dealing with the accredit- 
ing of engineering schools, aptitude tests, self- 
appraisal methods for junior engineers, and evalua- 
tion of professional qualifications. 


7. Studies by Personnel Research Federation of 
conference methods for dealing with employer- 
employee relations. 


8. Research in the plastic behavior of concrete, 
at the University of California. 


9. Investigation of the plasticity of metals, espe- 
cially creep and relaxation, under the auspices of 
the University of Pittsburgh. 


The policies of Foundation are stated in 
a platform adopted by its board June 14, 
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1935, and approved by United Engineering 
Trustees, Inc., and the founder societies. 
This platform includes a statement of the 
general plan and policy to be followed in 


assisting research projects which it approves. 
Information on Foundation and its activi- 
ties can be obtained from its office, 29 West 
39th Street, New York, N. Y. 


Meciere to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or other 
subjects of some general interest and professional im- 
portance. ELECTRICAL ENGINEERING will endeavor 
to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or to reject them entirely. 


ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 


STATEMENTS in these letters are expressly under- 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


Registration 
of Engineers 


To the Editor: 


In the October 1935 issue of ELECTRICAL 
ENGINEERING, on page 1129-30, I noted the 
comments on the registration of engineers 
by one of our members over at Lynn, Mass. 

In the first paragraph of his comments, he 
speaks about the “intolerable burden on this 
country’? which would be created by the 
registration of engineers as well as how 
“unbearably oppressive’ as is such a move- 
ment. I wonder if this is a local condition 
or whether it is an individual idea. In this 
particular write-up he speaks for the whole 
country. In this State I know that such is 
not the case. 

In his reference to the constant pressure 
of political influence on the board of exam- 
iners, I wonder if the medical, legal, and 
dental professions didn’t encounter the 
same thoughts in their early stages of or- 
ganization. Yet today we must admit that 
political influence doesn’t enter into a doc- 
tor, dentist, or lawyer getting his license to 
practice. These professions have made an 
outstanding success of keeping politics out 
of their organization. I would hate to think 
that the engineers couldn’t do the same. 

There is no percentage in getting into a 
controversy with anyone on his expression 
of thoughts, on how he feels in such matters. 
However, I do feel the licensing of engineers 
is here. It is here to stay by virtue of the 
fact that it is a law in the majority of states. 
Whether engineers like it or not, the thing 
for us to do is to get in there and do our bit 
to see that such is taken care of in accord- 
ance with our ideas. One must not lose 
sight of the fact that it is a take and give 
proposition and you can’t be a kid and have 
your own way all the time. One very 
obvious fact is that the licensing of the 
engineers has at least disturbed the slum- 
bering of a large majority of them to the 
point where they are either talking to or 


about themselves. The other professions 
have found it necessary to change their 
status, codes, and ethics to conform with the 
present day trend. The engineer must 
realize that he has got to keep advance of 
the time or he will be more obsolete than 
ever. Common sense still plays a very 
important part in the elevation of any pro- 
fession. There are too. many successful 
engineers to allow the theory or the narrow 
paths of some of the few to successfully 
govern the profession as a whole. 

The above are my personal opinions based 
on my experience gained from contacting 
engineers in a large portion of:the U.S. A. 
It wasn’t necessary for me to consult any 
members of any organization in making 
these comments. 


Very truly yours, 


J. Leo Scanton (A’28, M’34) 


J. Leo Scanlon Co., 
Sales Engineers 
Ellicott Sq. Bldg. 
Buffalo, N. Y. 


Similarity Relations 
in Electrical Engineering 


To the Editor: 


There was recently published a paper 
“Similarity Relations in Electrical Engi- 
neering,” by J. G. Brainerd and Jacob Neu- 
feld (ELEcTRICAL ENGINEERING, March 
1935, pages 268-72), and subsequently a 
letter from Professor Weber (June 1935, 
pages 683-4) pointing out the necessity for 
inclusion of the quantities « and K in any 
complete discussion of electrical dimen- 
sions. 

No matter how frequently » and K may 
be equated to unity and pushed out of 
sight, they always seem to bob up again 
and to inject into the discussion a perpetual 
query as to their nature. 

It has frequently been shown (by equating 
the electromagnetic and electrostatic di- 
mensional formulas for any one unit), that 


1 
the quantity — has the dimensions 


V uk 
(LT) of a velocity, and further that it 
is numerically equal to the velocity of 
propagation of light or electromagnetic 
waves in vacuum. 
The dimensional equation 


—— = fro 
VuK 

or, rearranged, 
bp SET 


prohibits the possibility of « and K being, 
simultaneously, fundamental quantities, 
since, if K be taken as fundamental, u 


immediately has dimensions in LZ and 7, 
and vice versa. 

While no proof has ever been established, 
there is thus no prima facie reason why 
both » and K should not be translatable 
in terms of the fundamental dimensions 
L, M, and T. 

The equation for the velocity of propaga- 
tion of a wave in an elastic medium, 


v 


where £ is elasticity and p is density, 
has been used by some writers (e. g., T. F. 
Wall) to suggest, by analogy with the 
equation, 


1 
K Vik 
that » might possibly be a measure of the 
density of the universal medium (whether 
or not modified by the presence of matter), 
and 1/K a measure of its-elasticity. 

It is interesting to push this suggestion 
to its logical conclusion by substituting 
L-8M, the dimension of a density, for » (or 
LMT? for K) in the usual dimensional 
formulas. 

At once all fractional indices disappear, 
while certain of the units reduce to di- 
mensions which are, to say the least, sug- 
gestive. 

Electric strain (D) of EM dimension 
L7/2M'/24-/2, reduces to zero dimen- 
sion, the same as a mechanical strain. 

Current (i), L'/?M'/:T—y-'/2, resolves 
into L?T-!, suggesting diffusion. 

Electromotive force (EZ), L'/2M’/2T-2'/2, 
reduces to MT~-?, which may be interpreted 
as force per unit length. 

Electric charge (Q), L'/2M*/2y-'/2, be- 
comes L”, the dimension of a surface (elec- 
tric charge resides on the surface of a con- 
ductor). 4 

While resistivity (p), L?T—1y, reappears 
as L-1MT™, with the same dimension as 
viscosity. 

The foregoing is, of course, purely fanci- 
ful, and doubtless the ancient cry will be 
raised ‘‘Don’t try to find a mechanical ex- 
planation for electrical phenomena.”’ 

There is no such intention, except in so far 
as mechanical, electrical and other phe- 
nomena may, at some future date, be found 
susceptible of a common explanation. 

It is quite within the bounds of possi- 
bility that, in the working out of such a 
“common explanation,’ not only may pu 
and K be reduced to terms of L, M, and T, 
but further, the so-called fundamental M 
may be resolved into still more fundamental 
terms. 


ee 


Very truly yours, 


Eric R. Cog (A’29) 


915 Far Hills Avenue, 
Dayton, Ohio 


Capacitor Motor 
With Double Cage Rotor 


To the Editor: 

The “Letter to the Editor” by A. F. 
Puchstein in the September 1935 issue of 
ELECTRICAL ENGINEERING, page 1018, of 
the possibilities of the double squirrel cage 
rotor in capacitor motors, involves the 
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reactions of a squirrel cage in a single phase 
field. 

The use of the double squirrel cage or its 
equivalent in capacitor motors has been 
proposed by Steinmetz and also Professor 
Bailey. A practical consideration of the 
problem indicates the handicaps that have 
prevented its use in general purpose motors. 

The action of a squirrel cage rotor ina 
single phase field is quite different from its 
action in a polyphase, or true rotary field. 
With a single phase field, the squirrel cage 
in addition to carrying the mechanical load 
also transforms the alternating field to a 
rotary field. The effectiveness of this trans- 
formation depends upon low resistance and 
high mutual inductivity of the squirrel cage. 
With the double squirrel cage neither ele- 
ment is very effective. The high resistance, 
or starting component, having high re- 
sistance is ineffective due to its resistance, 
and the low resistance, or running compo- 
nent, is also ineffective due to its low mutual 
induction. Thus, with the double squirrel 
cage, the transformation of the alternating 
field into a rotary is imperfect, and as a 
squirrel cage is efficient only in a substan- 
tially rotary field; its efficiency in the single 
phase field is lower than in a polyphase field. 

While the capacitor field has a rotary com- 
ponent independent of the rotor reactions 
which may be substantially rotary at one 
particular load condition, in practice, under 
the varying conditions the squirrel cage is 
still called upon to stabilize, and in a ma- 


terial measure generate the rotary field. 

Further, since the low resistance, or load 
carrying component of the squirrel cage has 
high magnetic leakage, the power factor is 
lowered, thereby nullifying in part the 
capacitor effect, requiring larger capacitor. 

This magnetic leakage also requires a 
higher primary flux, which in turn, calls 
for. either a higher flux density with in- 
creased iron losses, or increased magnetic 
structure with increased cost. As the double 
squirrel cage introduces a lagging compo- 
nent, and is also less effective in producing a 
rotary field, it is antagonistic to best running 
characteristics. 

Where it is required of the capacitor motor 
to have exceedingly high starting torque and 
especially if low starting current is desirable, 
together with low slip at running speed, 
the most logical solution seems to be the 
repulsion starting capacitor motor. 

The capacitor field with a capacitor suit- 
able for running conditions is predominantly 
single phase under starting conditions. This 
makes it possible to utilize the repulsion 
starting rotor the same as used in repulsion 
starting induction motors, with the same 
high torque and low starting current, char- 
acteristic of repulsion starting induction 
motors. 


Very truly yours, 


Epwarp BretcuH (M’19) 


The Advance Electric Co., 
St. Louis, Mo. 


pexaral | ee 


F. V. Macarwags (A’07, F’19) for the past 
year connected with the inventory of the 
properties of the Consolidated Gas Com- 
pany, New York, N. Y., and previously 
with the General Electric Company at West 
Lynn, Mass., has been appointed assistant 
to the executive vice president of the New 
York (N. Y.) Edison Company, Inc. Mr. 
Magalhaes, who received the degree of elec- 
trical engineer from Brooklyn (N. Y.) Poly- 
technic Institute in 1906, has already had 
many years of experience with the New York 
Edison Company. After several short 
periods of employment with the company, 
alternated with school and other work, he 
entered the meter department in 1907, 
becoming superintendent 2 years later. In 
1917 he was made superintendent of the 
test department also. From 1926 to 1928 
he was general superintendent of distribu- 
tion and installation, leaving the company 
to become vice president for engineering of 
the Hall Electric Heating Company. This 
company was liquidated voluntarily in 1932, 
at which time Mr. Magalhaes became com- 
merical representative for the General Elec- 
tric Company at West Lynn. He is now a 
member of the Institute’s standards com- 
mittee and of the committee on safety codes, 
of which he was chairman 1928-29 and 
1932-34. He has been a member of the 
board of examiners since 1931, serving pre- 
viously 1923-28, since 1928 has been Insti- 
tute representative on the electrical com- 
mittee of the National Fire Protection 


Association, and since 1930 has been repre- 
sentative on the National Fire Waste Coun- 
cil, previously serving for the year 1928-29. 
Mr. Magalhaes also has been active in the 
work of other organizations, and for some 
years was secretary and vice president of the 
U.S. national committee of the International 
Electrotechnical Commission. 


GaBRIEL Kron (A’30) general engineering 
department, General Electric Company, 
Schenectady, N. Y., has received the 1935 
award of the George Montefiore Foundation 
of the University of Liege, Belgium, for his 


GABRIEL KRON 


ELECTRICAL ENGINEERING 


G. L. KNIGHT 


memoir entitled ‘‘Non-Riemannian Dy- 
namics of Rotating Electrical Machinery.” 
Mr. Kron, who was born in 1901 at Nagy- 
banya, Hungary, came to the United States 
after having studied in Europe for several 
years. In 1924 he received the degree of 
bachelor of science in electrical engineering 
from the University of Michigan. Follow- 
ing several months during 1924 in the ma- 
chine shop of the U.S. Electrical Manu- 
facturing Company, Los Angeles, Calif., he 
became draftsman for the Jeannin Electric 
Company, Toledo, Ohio. Between 1925 
and 1927, he was designer for the Robbins 
and Myers Company, Springfield, Ohio. 
In 1928, he was engaged in research for the 
Lincoln Electric Company, Cleveland, Ohio, 
and then became consulting engineer for the 
United Research Corporation, Long Island 
City, N. Y. Subsequently, he joined the 
organization of the General Electric Com- 
pany, where he is now engaged. Mr. Kron 
is the author of numerous papers on tensor 
analysis. 


B. W. Kerr (A’12) president and general 
manager, Railway and Industrial Engineer- 
ing Company, Greensburg, Pa., was recently 
elected first vice president of the National 
Electrical Manufacturers Association. Mr. 
Kerr, a graduate of Princeton University, 
was employed by the Westinghouse Elec- 
tric and Manufacturing Company and the 
Pittsburgh Railways Company before he 
came to the Railway and Industrial Engi- 
neering Company as assistant manager in 
1910. He was vice president and general 
manager of the company from 1914 until 
1918, when he became president. He is also 
president of the Electrical Development and 
Machine Company and the Kirk Interlock 
Company, both of Greensburg. 


G. L. Knicur (A’11, F’17, and past vice 
president) vice president in charge of 
mechanical operations, Brooklyn Edison 
Company, Inc., Brooklyn, N. Y., has been 
elected president of United Engineering 
Trustees, Inc., for the term ending October 
1936. He also becomes an ex-officio member 
of the board of The Engineering Foundation. 
Mr. Knight, who was born at Haddonfield, 
N. J., graduated from the school of electrical 
engineering at Drexel Institute in 1900, and 
came to the Brooklyn Edison Company in 
1905 as chief draftsman, having had a similar 
position previously with the New York 
Edison Company. In 1908 he was appointed 
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designing engineer, and held this position 
until his appointment as mechanical engi- 
neer in 1924. Since 1932 he has been 
vice president. Mr. Knight, who has just 
completed serving as vice president of 
United Engineering Trustees, Inc., and as 
chairman of its finance committee, has been 
a representative of the Institute on the 
board of U.E.T. since 1933, having had a 
previous term 1926-31. He has served on 
many Institute committees, and was a 
manager 1922-26 and a vice president 1926— 
28. He is also a member of The American 
Society of Mechanical Engineers. 


M. T. Crawrorp (A’07, F’22) who has 
been general superintendent in the central 
district of the Puget Sound Power and Light 
Company, Seattle, Wash., has been ap- 
pointed assistant chief engineer in the newly 
enlarged engineering department, which 
will handle engineering for all districts and 
divisions of the company. Mr. Crawford, 
who was born at Louisville, Ky., received 
from the University of Washington the 
degrees of bachelor of science in electrical 
engineering in 1907 and master of science in 
electrical engineering in 1910. From 1906 
to 1912 he was connected with the Seattle- 
Tacoma Power Company, becoming as- 
sistant engineer, and in 1912 accepted the 
position of superintendent in the water 
power department of the Puget Sound 
Traction, Light, and Power Company, 
which later became the Puget Sound Power 
and Light Company. He held successively 
the positions of superintendent of transmis- 
sion and distribution divisions in the former 
company, and superintendent of distribution 
and general superintendent in the latter 
company. Mr. Crawford was a member of 
the Institute’s committee on power trans- 
mission and distribution during 4 periods: 
1916-17, 1919-20, 1924-26, and 1927-29. 


E. W. ScuILiine (A’29, M’33) assistant 
professor of electrical engineering at Michi- 
gan College of Mining and Technology, 
Houghton, has been appointed associate 
professor. Doctor schilling, who received 
the degree of bachelor of science in electrical 
engineering from the University of Illinois 
in 1919, received the degrees of master of 
science in electrical engineering and doctor of 
philosophy in 1930 and 1933, respectively, 
from Iowa State College, where he was a 
member of the faculty from 1928 to 1931. 
He had previously been connected with 
the General Electric Company, Schenectady, 
N. Y., the B. F. Goodrich Rubber Company, 
Akron, Ohio, and E. W. Schilling and Com- 
pany, Brandon, S. D. Doctor Schilling 
has been at the Michigan College of Min- 
ing and Technology since 1931. 


H. A. Jounson (M’17) general manager, 
Chicago Rapid Transit Company, Chicago, 
Ill., has received the honorary. degree of 
doctor of engineering from Purdue Uni- 
versity, where he was graduated in 1905. 
Mr. Johnson has been employed by the rail- 
way compatty since 1905, and recently served 
as director of research for the mechanical en- 
gineering division of the American Railway 
Association, supervising tests to develop an 
improved type of air braking equipment. 


He is also a member of the Western Society 
of Engineers, and at one time was a member 
of the Institute’s committee on transporta- 
tion. 


H. P. CHARLESWORTH (M’22, F’28, and 
past-president) assistant chief engineer, 
American Telephone and Telegraph Com- 
pany, New York, N. Y., has been elected 
chairman of the John Fritz medal board of 
award. Mr. Charlesworth has been a repre- 
sentative of the Institute on the board since 
1932, and is now a member of the Edison 
medal, code of principles of professional 
conduct, and Institute policy committees of 
the Institute, as well as representative of the 
Institute on the board of trustees of United 
Engineering Trustees, Inc. In the past he 
has served on numerous committees and was 
president of the Institute 1932--33. 


E. F. Pearson (M’20) who, has been 
assistant chief engineer of the Northwestern 
Electric Company and Pacific Power and 
Light Company, Portland, Ore., has been 
made chief engineer of the Northwestern 
Electric Company. Mr. Pearson, a graduate 
of the University of Nevada, became assist- 
ant engineer of this company in 1913, and 
assistant superintendent of construction the 
following year. In 1919 he was made elec- 
trical engineer. During the year 1933-34 
he was a member of the Institute’s member- 
ship committee. 


J. L. Darton (A’35) has been awarded 
the A.I.E.E. scholarship for 1935-36, and 
is now studying at Columbia University, 
New York, N. Y., as announced in ELEc- 
TRICAL ENGINEERING for November 1935, 
page 1274. Mr. Dalton was born at Glen- 
side, Pa., March 19, 1912, and received the 
degree of bachelor of science at Pennsylvania 
State College in 1934. He was then em- 
ployed in the electrical engineering depart- 
ment of the Reading Railway Company 
until the awarding of the scholarship. 


H. E. Boatricut (A’12, M’29) former 
division manager for the Guanajuato Power 
and Electric Company, Guanajuato, Mexico, 
has been made superintendent of operation. 
Mr. Boatright, who received the degree of 
bachelor of science in electrical engineering 
at Colorado College in 1907, has been with 
the company since 1924, when he became 
meter superintendent, 3 years later being 
made superintendent of maintenance and 
operation. 


A. W. BERRESFORD (A’94, F’14, member 
for life, and past-president) has been ap- 
pointed Institute representative on the 
John Fritz medal board of award to fill the 
unexpired term, ending in October 1938, 
of the late J. Allen Johnson (A’07, F’27, 
and junior past-president). Mr. Berresford 
is also a member of the committees on Insti- 
tute policy and safety codes. 


GERARD SWOPE (A’99, F’22, and member 
for life) president, General Electric Com- 
pany, New York, N. Y., has been elected a 
member of the board of governors of the Na- 
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tional Electrical Manufacturers Association. 
Recently he was elected a trustee of the 
New York Museum of Science and Industry. 
Mr. Swope was a member of the Institute’s 
Iwadare Foundation committee 1931-35. 


W. B. TurtLte (M’30) who has been 
president of the San Antonio Public Service 
Company since 1922, is now chairman of 
the board of directors of the company. Mr. 
Tuttle has been connected with the com- 
pany since 1906, serving as vice president 
and general manager from that year untii his 
appointment as president. 


F. S. Benson (A’28) assistant electrical 
engineer in the department of engineering, 
Pacific Gas and Electric Company, San 
Francisco, Calif., received second prize for 
his paper suggesting standardization in a 
contest conducted by Electrical West on the 
question of how distribution costs could be 
lowered. 


G. W. McCracken (A’22) who has been 
electrical engineer with the Birmingham 
Electric Company, Birmingham, Ala., has 
been appointed chief engineer. Mr. Mc- 
Cracken is a graduate of Kansas State 
Agricultural College, and was employed by 
electric companies in Cuba before coming to 
the Birmingham Electric Company in 1927. 


F. B. Jewett (A’03, F’12, and past- 
president) vice president, American Tele- 
phone and Telegraph Company, and presi- 
dent, Bell Telephone Laboratories, Inc., has 
been elected president of the New York 
Museum of Science and Industry. Doctor 
Jewett is serving on several committees of 
the Institute. 


P. R. Moses (A’94, F’12) electrical engi- 
neer, head of the firm of Percival R. Moses, 
New York, N. Y., is one of the incorporators 
of Electric Plant Owners Association, Inc., 
formed to unite the owners and operators of 
private plants in the city and state of New 
York. 


E. B. Meyer (A’05, F’27, and president) 
has been appointed to serve as a special 
representative on the visiting committee of 
the department of electrical engineering of 
Massachusetts Institute of Technology for 
the academic year beginning October 1935. 


S. L. Nicuorson (A’00, F’13): assistant 
to vice president and general manager, 
Westinghouse Electric and Manufacturing 
Company, New York, N. Y., has been 
elected a vice president of the National 
Electrical Manufacturers Association. 


W. D. STEELE (A’00 and member for life) 
president, Benjamin Electric Manufacturing 
Company, Des Plaines, Ill., has been elected 
a member of the board of governors of the 
National Electrical Manufacturers Associa- 
tion. 


W. J. Kipp (A’24, M’32) is now switch- 
board design engineer with the Westing- 
house Electric and Manufacturing Com- 
pany, East Pittsburgh, Pa. He was formerly 
assistant system planning engineer for the 
Pennsylvania Power and Light Company. 
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C. L. Coriens, 2p (A’07) president, 
Reliance Electric and Engineering Com- 
pany, Cleveland, Ohio, has been elected a 
member of the board of governors of the 
National Electrical Manufacturers Associa- 
tion. 


V. G. Dopps (A’26) Aluminum Company 
of America, is at Los Angeles, Calif., and 
not at San Francisco as announced in 
ELECTRICAL ENGINEERING for November 
1935, page 1281. 


E. O. SHREVE (A’06) assistant vice presi- 
dent, General Electric Company, Schenec- 
tady, N. Y., has been elected a vice presi- 
dent of the National Electrical Manufac- 
turers Association. 


H. R. Arnotp (A’31) recently in the 
forestry service of the U.S. Department of 
Agriculture, is now transformer design 
engineer with the Westinghouse Electric 
and Manufacturing Company, Sharon, Pa. 


J. F. Imte (A’32) geophysical engineer, 
has left the Humble Oil and Refining Com- 
pany, Houston, Tex., and is with Lago 
Petroleum Corporation, Maracaibo, Vene- 
zuela. 


P. H. Prerce (A’12, M’27) former engi- 
neer with Electrical Research Products, 
Inc., New York, N. Y., is now an engineer 
in the Bell Telephone Laboratories, Inc., 
New York. 


A. B. BERRESFORD (A’31) who recently 
received the degree of doctor of medicine 
from the Boston University School of 
Medicine, is now an interne at Waterbury 
Hospital, Waterbury, Conn, 


A. H. HeItzLer (M’24) superintendent of 
electrical department, Public Service Com- 
pany of Colorado, Denver, has been elected 
a vice president of the Rocky Mountain 
Electrical Association. 


W. C. STERNE (A’23, M’32) president and 
general manager, Arvada Electric Company, 
Denver, Colo., has been elected a vice 
president of the Rocky Mountain Electrical 
Association. 


J. A. Woop, Jr. (A’30) who recently re- 
ceived the degree of doctor of philosophy 
from Cornell University, is now an in- 
structor in electrical engineering at Mas- 
sachusetts Institute of Technology. 


W. L. SULLIVAN (A’34) who has been an 
instructor in the department of electrical 
engineering at Massachusetts Institute of 
Technology at Cambridge, is now at 
Stevens Institute of Technology, Hoboken, 
ING If 


S. H. Macruper (A’34) formerly em- 
ployed by the U.S. Coast and Geodetic 
Survey, is now in the business training 
course of the General Electric Company at 
Schenectady, N. Y. 


J. R. Secxman (A’20) former sales engi- 
neer for the International Machinery Com- 
pany at Santiago, Chile, is now senior engi- 
neer for the State Road Commission of 
West Virginia, Clarksburg. 


H. M. Prarr (A’24) formerly with the 
National Electrical Manufacturers Associa- 
tion, New York, N. Y., is now secretary and 
treasurer of the Batavia Times Publishing 
Company, Batavia, N. Y. 


F. H. Coriins (M’31) former operations 
supervisor for the United Power and Light 
Corporation at Abilene, Kan., is now fire 
alarm superintendent for the city of Wichita. 


T. N. Racuerr (A’33) former supervisor 
for C. F. Burgess Laboratories, Madison, 
Wis., is now with the Commonwealth 
Edison Company, Chicago, IIL. 


R. E. THORNTON (M’32) formerly resident 
engineer at Sapulpa, Okla., for the Okla- 
homa Gas and Electric Company is now 
division engineer at Fort Smith, Ark. 


R. H. Cro (A’28) formerly in the in- 
dustrials division of the Worthington Pump 
and Machinery Company at Harrison, N. J., 
has been transferred to Buffalo, N. Y. 


Obituary 


EpWIN WILBuR Rice, Jr. (A’87, F’13, 
HM’33, past-president and member for life) 
died November 25, 1935, as this issue of 
ELECTRICAL ENGINEERING was going to 
press. A biographical sketch of Doctor 
Rice is scheduled for inclusion in the next 
issue. 


DupLEY Hype Keyes (A’19) structural 
protection engineer, Bell Telephone Labora- 
tories, Inc., New York, N. Y., died Novem- 
ber 9, 1935. He was born December 17, 
1883, at Eau Claire, Wis., and was a gradu- 
ate of the electrical engineering course of the 
University of Wisconsin. He entered the 
engineering department of the Chicago 
Telephone Company in 1906, and in 1912 
became an engineer with the Michigan State 
Telephone Company. Four years later he 
entered the engineering department of the 
American Telephone and Telegraph Com- 
pany at New York, and recently was trans- 
ferred to the Bell Telephone Laboratories, 
Inc., as assistant protection engineer. Mr. 
Keyes was chairman of the structural co- 
ordination committee of the Edison Electric 
Institute, and was the author of a recent 
A.J.E.E. paper. 


ARTHUR J. PATES (A’25, M’27) telephone 
engineer, Chesapeake and Potomac Tele- 
phone Company, Baltimore, Md., died 
September 2, 1935. He was born at Boston, 
Mass., November 5, 1877, and studied 
electrical engineering at Harvard University. 
From 1904 to 1913 he was employed in 
the engineering department of the New York 
Telephone Company, and since 1913 had 
been in the engineering department of the 
Chesapeake and Potomac Telephone Com- 
pany at Washington, D. C., and Baltimore, 
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where he was in responsible charge of the 
engineering of telephone plant equipments. 


ALLEN Harwoop Bascock (A’04, F’12, 
and past vice president) retired, Inverness, 
Calif., died October 26, 1935. He was born 
at Buffalo, N. Y., August 12, 1865, and 
studied at Lehigh University and at the 
University of California. In 1891 he was 
employed as draftsman by the Thomson- 
Houston Electric Company in San Fran- 
cisco, Calif., and the following year was 
made assistant engineer; this company was 
a predecessor of the General Electric Com- 
pany. In 1898 he took a similar position 
with the Standard Electric Company of 
California, becoming superintendent the fol- 
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lowing year. He then held the position of 
electrical engineer, successively, with the 
California Gas and Electric Company, North 
Shore Railroad, and Southern Pacific 
Company. During this time he was en- 
gaged in electrical traction work, and is 
credited with making the first installation 
of third rail electrification in California. He 
retained his position with the Southern 
Pacific Company until his retirement in 
1932, serving also as consulting engineer 
for affiliated companies. He was a vice 
president of the Institute 1918-19, and was 
a member of the committees on traction 
and transportation, 1914-22; lighting and 
illumination 1920-21; and code of principles 
of professional conduct, 1915-35. He was 
a member of a number of organizations, and 
was the author of many professional papers. 


Recommended 
for Transfer 


The board of examiners, at its meeting held 
November 13, 1935, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers should 
be filed at once with the national secretary. 


To Grade of Member 


Baker, Horatio O., engr., N. Y. State Pub. Serv. 
Comm., Buffalo, N. Y. 

Barr, Rowland W., E.E., Braden Copper Co., 
Rancagua, Chile, S.A. 

Bauer, William M., instr. in E.E., Northwestern 
Univ., Evanston, Ill. 

Brownlie, Wm. N., engr., Mutual Boiler Insurance 
Co. of Boston, Mass. 

Campkin, Wilbert L., equipment supervisor, Sas- 
katchewan Government Telephones, Regina, 
Sask,, Can. 

Copeland, Robert M., contracting E.E., Copeland 
Elec. Co., Jersey City, N. J. 

Crawford, Fred D., supervisor, Brooklyn Edison 
Co., Brooklyn, N. Y 

Devine, Perle A., elec. tester, Public Service Co. of 
No. Illinois, Chicago. 

Esty, Edward S., distrib. supt., Blackstone Valley 
Gas & Elec. Co., Pawtucket, R. I. 

Hallenbeck, C. S., office mgr., long lines engg. 
dept., Am. Tel. & Tel. Co., New York, N. Y. 

Honaman, R. Karl, protection methods engr., 
Bell Tel. Labs., Inc., New York, N. Y. 

Kester, Harold J., sales engr., Westinghouse Elec. 
Mfg. Co., St. Louis, Mo. 

Laidlaw, Hugh A., asst. engr. of operation, Pacific 
Gas & Elec. Co., San Francisco, Calif. 

Ogur, Eugene, cons. E.E. and M.E., Newark, N. J. 

Oman, Carl, E.E., Westinghouse Elec. and Mfg. 
Co., Newark, N. J. 

Pfeil, Walter W., engr., Public Service Elec. and 
Gas Co., Newark, N. J. 

Rice, Cortis N., valuation engr., Byllesby Engg. 
and Met. Corp., Chicago, Ill. 

Tomlinson, Henry R., engr., New England Power 
Engg. and Service Corp., Worcester, Mass. 


18 to Grade of Member 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute. If the applicant has 
applied for direct admission to a grade higher than 
Associate, the grade follows immediately atter 
the name. Any member objecting to the election 
of any of these candidates should so inform the 
national secretary before Dec. 31, 1935, or Feb. 28, 
1936, if the applicant resides outside of the United 
States or Canada. 


Anderer, J., N. Y. Hospital, New York, N. Y. 

Arthur, R.S., Gen. Elec. Co., Phila., Pa. 

Arutunoff, A. (Member), Reda Pump Co., Bartles- 
ville, Okla. 


DECEMBER 1935 


Beaty, R., Union Elec. Lt. & Pwr. Co., St. Louis 

oO. 

Berry, E. W. (Member), State Trade Sch., Stam- 
ford, Conn. 

Blackmore, A. H., Westinghouse Elec. & Mfg. Co., 
Houston, Texas. 

Brown, H. F., N. Y. Hospital, New York, N. Y. 

Bruce, H. W., Dept. of Water & Pwr., City of Los 
Angeles, Calif. 

Bruning, ASC. Columbus Ry. Pwr & Lt. Co., 


hio. 

Buehner, R. O. (Member), Am. Steel & Wire Co., 
Waukegan, IIl. 

Chirgwin, W. C., Pub. Serv, Elec. & Gas Co., New- 
ark, N. J. 

Couts, F. H. (Member), Consumers Pwr. Co., 
Jackson, Mich. 

Cramer, H. W., 109 Cumberland St., Brooklyn, 
NEY. 


Davies, F. H. (Member), Detroit Edison Co., 
Mich. 
Davis, C. R., San Francisco—Oakland Bay Bridge, 
San Francisco, Calif. 
Demmings, H. L., Lynn Gas & Elec. Co., Lynn, 
ass. 
Diefandahl, W. F., Brooklyn Edison Co., Brooklyn, 
INfs NS 


Dobric, F. S., Reliance Elec. & Engg. Co., Cleve- 
land, Ohio. 

Duarte, P. J., Jr., 2a, Chiapas No. 31, Mexico, 
D. F., Mexico 

Dye, L. E., Los Angeles Railway Corp., Calif. 

Eby, J. B. (Member), Am. Tel. & Tel. Co., Phila., 


Pa. 

Eckles, L. B., Consumers Pwr. Co., Jackson, Mich. 

Edwards, F. E. (Member), N.Y. Central R. R. Co., 
Harmon-on-Hudson, N. Y. 

Eighmy, L. W., Jr., Buffalo Gen. Elec. Co., N. Y. 

Ellis, S. G., Westinghouse E. & M. Co., Chicopee 
Falls, Mass. 

Endicott, H. S., Gen. Elec. Co., Pittsfield, Mass. 

Escobosa, C. W., Pub. Util. Consolidated Corp., 
Nogales, Ariz. 

Finley, K. G., Wash. Water Pwr. Co., Spokane. 

Gager, F. M., Boston Col., Chestnut Hill, Mass. 

Gallagher, J. P., N: Y. Pwr. & Lt. Corp., Schenec- 
tady, N. Y. 

Galt, O. P., Ga. Pwr. Co., Canton. 

Germeck, C. W., Gen. Elec. Co., Pittsfield, Mass. 

Gersoni, H. B., Camp Lower Cispus F-34, Randle, 
Wash. 

Golden, C. H., Texas Elec. Service Co., Ft. Worth. 

Haas, H. (Member), Consumers Pwr. Co., Jackson, 
Mich. 

Hahnloser, R. G., Gen. Elec. Co., Lynn, Mass. 

Hall, W. G., Una Welding Inc., Cleveland, Ohio. 

Hamilton, L. G., Gen. Elec. Co., Pittsfield, Mass. 

Hardie, J. B., Jr., Reliance Elec. & Engg. Co., 
Cleveland, Ohio. 

Hartwell, L. M., Jr., Am. Tel. & Tel Co., St. Louis, 
Mo. 

, G. L., Canadian Gen. Elec., Fraserdale, 
Ont., Can. 

Hissett, W. H. (Member), Sawbrook Steel Castings 
Co., Lockland, Ohio. 

Hoag, S. B. (Member), Titanium Pigment Co., 
Sayreville, N. J. 

Howard, G. A., Consumers Pwr. 
Mich. 

Hutson, A. D., City of Gainesville, Fla. 

Isom, C. W., Southwestern Bell Tel. Co., Dallas, 
Texas. 

Jamison, W. M. (Member), Am. Tel. & Tel. Co., 
Chicago, Ill. 


Co., Jackson, 


Jennings, A. S., Arma Engg. Co., Inc., Brooklyn, 


John, G. J., 1549 West St., Utica, N. Y, 
Kazmierski, V. C.; N. Y. Hospital New York, 
VY 


Kendall, E. H. (Member), Consumers Pwr. Co., 
Jackson, Mich. 

Key, W. A., Box 44, France Field, C. Z. 

King, E. D. (Member), Detroit Edison Co., Mich. 

King, G. L., Okla, Gas & Elec. Co., Okla. City. 

Knox, J. P., N. Y. Hospital, New York, N. Y. 

Kornfeld, LeR., Kansas City Pwr. & Lt. Co., Kan- 
sas City, Mo. 

Lehman, M. L. (Member), Am. Tel. & Tel. Co., 
Phila., Pa. 

Leonardon, E. G., Schlumberger Well Surveying 
Corp., Houston, Texas. 

Le Vesconte, L. B., Westinghouse E. & M. Co., 
E. Pittsburgh, Pa. 

Levine, M., Amdur Leather Co., Danvers, Mass. 

pers G. E., Vernon Lt. & Pwr. Co., Vernon, 

alif. 

McCord, O. P., Westinghouse E. & M. Co., New 
Orleans, La. 

Mehr, C. A., 41 Derby Ave., Seymour, Conn. 

Morris, R. C., Union Elec. Lt. & Pwr. Co., St. 
Louis, Mo. 

Morton, A. R., Globe Union Mfg. Co., Milwaukee, 


Wis. 

Muller, C. A. (Member), Am. Gas & Elec. Co., 
New York, N. Y. 

Mullin, G. E., Jr., Gen. Elec. Co., Indianapolis, 
Ind. 


. Mullin, LeR. A., Syracuse Univ., Syracuse, N. Y. 


Nellis, E. J., Brooklyn Edison Co., Brooklyn, 
INEZ 

Noell, J. J. (Member), T. V. A., Knoxville, Tenn. 

O’Hara, E., Union Gas & Elec. Co., Cincinnati, 
Ohio. 

Pettibone, G. H., Gen. Elec. Co., Schenectady, 


IN Ve 
Phillips, H. H., Osborne Elec. Corp., Niagara Falls, 
Y 


Nie Yn 

Powers, W. H., 337 So. Main St., Ann Arbor, Mich. 

Ranhofer, E. J., N. Y. Hospital, New York, N. Y. 

Ransom, C. W., Gen. Elec. Co., Pittsfield, Mass. 

Reynolds, F. J., N. Y. Hospital, New York, N. Y. 

Rohats, N., Gen. Elec. Co., Schenectady, N. Y. 

Sashoff, S. P., Univ. of Fla., Gainesville. 

Shaw, O. J. (Member), Municipal Construction & 
Finance Co., Lincoln, Neb. 

Shelby, R. E., Nat. Broadcasting Co., Inc., New 
Work Ne Ye 

Sherwood, E. T., Globe Union Mfg. Co., Mil- 
waukee, Wis. 

Sinks, A. T., Gen. Elec. Co., Lynn, Mass. 

Smith, L. M. (Member), Ala. Pwr. Co., Birming- 
ham. 

Snediker, J. B. (Member), Am. Tel. & Tel. Co., 
New York, N. Y. 

Stevenson, G. L., Detroit Edison Co., Mich. 

Towers, R. C., Brooklyn Edison Co., Brooklyn, 


Ne Ys 
Tulloch, D, F., Edison Elec. Illum. Co. of Boston, 

ass. 
Underwood, L. T., Elec. Lt. Dept., Little Valley, 

INSTY; 


Van Hamel, T. A., Gibbs & Hill, New York, N. Y. 
Watts, T. O., E. L. Ruddy Co. Ltd., Toronto, Ont., 


Can. 

Winther, R. O., Signal Elec. Mfg. Co., Menominee, 
Mich. 

Wood, M. B., Chase Shawmutt Co., Newburyport, 
Mass. 


Wright, C. P., Univ. of Manitoba, Can. 

Wright, J. D. (Member), Gen. Elec. Co., Schenec- 
tady, N. Y. 

Yeary, O. N., Texas Elec. Serv. Co., Ft. Worth. 


96 Domestic 


Foreign 


Mita, N., Electrotechnical Laboratory, Ministry of 
Comm., Tokyo, Japan. 

Romer, M. J., Rochussenstraat 200, Rotterdam, 
Holland. 

Sirajuddin, A. W., Pub. Works Dept., Amritsar, 
India. 


3 Foreign 


Addresses 
Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as it now appears on the Institute record. 
Any member knowing of corrections to these ad- 
dresses will kindly communicate them at once to the 
office of the secretary at 33 West 39th St., New 
York, N. Y. 

Chiofalo, J., 203 Graham Ave., Brooklyn, N. Y. 

Crite, Mitchel, 32 E. 126th St., New York, N. Y. 

Ghosh, K. C., c/o Compagnia Generale Di Elettri- 
cita, 34 Via Borgognone, Milan, Italy. 

Golikoff, A., Main P. O. Gen. Del., Moscow, 
USERS 

Kimball, Gordon §., 154 Elmer Ave., Schenectady, 


5s 
Nelson, Charles J., 1515 N. Lotus Ave., Chicago, 
Ill 


Rozelle, P. M., 2018 Chestnut St., Harrisburg, Pa. 
Soskin, Samuel B., 1141 S. Central Park, Chicago, 
Il 


ile 
Spiegel, William F., 7 Stegman Court, Jersey City, 
N 


Vance, Paul E., c/o Marietta Mfg. Co., Point Pleas- 
ant, W. Va. 


10 Addresses Wanted 
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1935 Index—Electrical Engineering and Transactions 


This multientry annual reference index covers 
comprehensively the entire text content of the 12 
issues of ELECTRICAL ENGINEERING published during 
1935 and of the identical content of the 1935 A.I.E.E. 


TRANSACTIONS, volume 54. 


Discussions have received particular attention and a 
special effort has been made to provide effective 
correlation between references to technical papers 
and to all published discussions of those papers. In 
this connection it is of importance to note that dis- 
cussions of many technical papers published during 
the latter half of 1934 were published in the early 
part of 1935, and hence appear in this current index. 


Division I— 
Technical Subject Index 


Adequate Lighting Is a Sound Invest- 


TOT TMV VOOM Me, ci eset strdene tows oles ote 421-3 
Advanced Course in Engineering, An. 

Stevenson, Howard............. 265-8 
A-C Electrolytic Capacitor, The. Lo- 

AMOMt A OUNICAV Vins cess ere ont ets 1058-63 


(A-C Machines) Self Excitation of a 
Frequency Converter. MHess.....1359-66 
(A-C Networks) Calculation of Power 
Flow and Bus Voltages. Smith.. 408-16 
Alternator, An Electronic Regulator 
foran. Whipple, Jacobsen...... 
Alternators, Insulation for High Volt- 
age. Laffoon, Calvert.......... 624-31 
Aluminum Cable, Inductance of Steel 


Reénforced. Woodruff.......... 296-9 
A.I.E.E. As an Educational Institu- 
LOM NO wed ONDSOMs a amare ae 146-8 
(A.S.A) Standardization of Noise Me- 
COL VLC @ UTC: 7-yoets aoe chet efor cro 14-5 
DICH Seay eee aN) baleiel s.anetes 437 
Analysis of Rectifier Filter Circuits. 
COUGARS Ee re Rest NA ai ahinge cree 977-84 
Analysis of the Induction Motor, An. 
IDS VAN Geer ee aide ote Oe aes. 4 526-9 
“Angle Switching’ of Synchronous 
Motors. Shutt, Dawson........ 1193-5 
Anode Materials for High Vacuum 
PRUbeS wOploZel ee ckeax aces wes costs 1246-51 
Application of Electron Tubes in In- 
Gustrya | @hamberssasns «ca < 82-92 


IDE OS..4 Sa ea eh eR OE 753 


Likewise, many discussions of the later 1935 papers 
will be published early in 1936, and consequently 
will not be found among the references contained in 
this current index. 


For convenience in use, this index is subdivided into 


Arresters, Discharge Currents in Dis- 


tribution. McEachron, McMor- 

TIS Une neucin Westie a dostomaaaemebe 1395-9 
Artificial Line, Transients in the Finite. 

Weber. Dimlorony.csacets, o oeetiae.: 661-3 
Audio Generator, An Electrostatic. 

Farr tz larson speak aiestc tre ate 950-5 


Automatic Control for a Roughing 
MGI RRWiaitsOnt estar sear renee 656-60 
(Automatic Stations) An Electronic 
Regulator for an Alternator. 


Whipple; Jacobsen .... 055 oe ae 663-7 
(Automatic Stations) An Electronic 
Voltage Regulator. Craig, San- 
LOL Sa ao irapes in oie 166-70 
(Automatic Stations) Step Type 
Feeder Voltage Regulators. Hill 154-8 
DISCEIOS AClOSA here nn ee 993 


Automobile Fatalities, The Important 
Role Played by Street Lighting in. 969 


B 


SE UEIN Gs HAS Solos ain ea 1-— 144 
ReGruanae ee ener 145- 260 
March 2 hives ot ta.aenmnn ars 261— 356 
April 357— 468 
INAUHRS aeroRtcata Anis orto see ec 469-— 580 
WIInas MeEnigcie on doo Rote Alc 581— 692 
TN re ee Nite 2 A ate ne a oy Saat 693-— 804 
August 805-— 916 
September.... 917-1028 
cto beh. sericea eae 1029-1140 
Novembcha:meere naire lA —1oo4: 
December: to ane eee 1285-1444 


(GectenMGauer cata wearers aie. eens 1018 
Applications of a Photoelectric Cell. 

Tse me y ae cmay oder oie ne eat een eens 1186-90 
Arc Furnaces, Power Company Service 

HOMIE LAT Kee a day hed eens. brconus & Dells 1173-8 
Arc, High Velocity Streams in the 

Vacuum. LHaston, Lucas, Creedy. 

(Novy. 1934, p. 1454-60) 

MDESOMPA 4S ClOS st Me. iciohs Ske 6 Shee dbele 756 
Are Welding in Argon Gas. Doan, 

RS CLUl Gonmetet gis ese ee eee ts TP ntact, 1144-9 
Arcover in Air, Insulator. Maxstadt. 

(July 1934, p. 1062-8) 

WO ISORE OS he CLOS tiie. a)0 hicare as eee ten 236 
Argon Gas, Arc Welding in. Doan, 

DC OULLOME ts whe tyiritec: a aiate crc are ec 1144-9 
Armature Leakage Reactance of Syn- 

chronous Machines. March, 

(CORDON Z.. 5 cach Re REAR rete NCR crear 378-81 
BMBBISCHN LTT S CLOG. ccivu.s «cleus m¥e srs 1118 
Armature Leakage Reactance, Test 

WaAltGHTOlew LVORCLS hc. a bet see 64 700-5 
Armature Resistance of Synchronous 

Machines, Tests on. Robertson. 705-9 
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TECHNICAL SUBJECTS 


1. Technical subjects. 


the following general divisions: 


2. Authors, including the writers of discussions. 
3. News items pertaining to Institute activities. 
4. News items of a general nature. 
5 


Biographical (personal and obituary) items. 


Biway System of Electric Platforms 
for Mass Transit. Storer........ 1340-7 
Board of Directors, Report of the... 735-47 


Boulder Canyon Project, Some Fea- 


tures of the. Scattergood....... 361-5 
Boulder Dam and Power Plant, En- 
gineering Features of. McClellan 583-94 
Boulder Dam Line, Circuit Breakers 
fore’ Prince. 2 Ws. aie eee 366-72 


Boulder Dam-Los Angeles Lines, En- 


gineering Features of the. Scat- 
tergood oSe eee a ee a eee 494-512 
Breakdown Curve for Solid Insulation. 
Montsinger t42c.4 carte ere eee 1300-1 
Breakdown in Vacuum, Effect of Total 
Voltage on. Anderson..........1315-20 
Breakdown Voltage, Effect of Ultra- 
violetiones Nord amet eee 955-8 
Breaker and Voltage Recovery Tests, 
Oil Circuit. Poitras, Kuehni, 
Skeatsnrk ose kal ee ee 170-8 
Breaker Performance Studied by Cath- 
ode Ray Oscillograms. Van 
Bickle: vs). chyssswerstensiee patois eee 178-84 
Bridge and Oil Cell, The M.I.T. 
Power Factor. Balsbaugh, Ken- 
ney, Llerzen berga cn. neve ee 272-9 
Disc. 559) 748 closn sen eene eens 748 
Bridge for Field Tests, Portable 
Schering. Hill, Watts, Burr. 
(Jan. 1934, p. 176-82) 
IDisc:eS883) Clos ta. aiee ee eee 986 


Bridge Measurement of Electromag- 
netic Forces. Seletzky, Priday. . 1149-52 
Brush Jumping, Flashing of Railway 
Motors Caused by. Hellmund. .1178-85 
Brush Wear, Electrical. Hessler..... 1050-4 
Brushes of Commutator Machines, 
Sparking Under. Hellmund, 
Tid wigtitende ere ene ee 315-21 


Discs 109 Clos; aereee rae eee 1110 
Bus Voltages, Calculation of Power 
Blow,anden) simithwecnnne ene 408-16 
G 
Cable Code Translator System, A. 
Connery):\ Sean eas fio ee 1162-6 
Cable, Inductance of Steel Reénforced 
Aluminum. Woodruff.......... 296-9 


Cable Insulation, A Criterion of 
Quality of. Wyatt, Spring...... 417-21 

Cable Sheath Corrosion—Causes and 
Mitigation. Blomberg, Douglas. 382-7 
DIsCo Wien. . sen cole eh tk pene ees 885 

Cable Sheaths, Transient Voltages on 


Bonded. Halperin, Clem, Miller 73-82 
Disce:.436} clos: ..yacnine oe eee eee 766 
Cable System Neutral Grounding Im- 
pedance) Clerny...o ast reat 30-40 
Disc. 324, 434; clos.....,..,--..++ 768 


Cables, Economical Loading of Under- 
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MLOUNd sa Church mes tdan aaa... 1166-72 


: Cables, Resistance and Reactance of 


3-Conductor. Salter, Shanklin, 
Wiseman. (Dec. 1934, p. 1581-9) 


Misewo2432 436" Clos. ccc ok sce 882 

— Calculation of Power Flow and Bus 
VOIR ROS mS in thir wees os re ee 408-16 

- Calculations for Coreless Induction 
Furnaces. Dwight, Bagai....... 312-5 

_ Capacitive Excitation for Induction 
Generators. Bassett, Potter..... 540-5 
JDTIROW.WG oc at Gch net ote ree ee 1106 

Capacitor, A New Carrier-Current 
Coupling seH bya nietes en cee 848-52 


Capacitor Motors With Windings Not 
in Quadrature. Puchstein, Lloyd 1235-9 


Capacitor, The A-C_ Electrolytic. 
Lomont, Dunleavey............. 1058-63 
Carrier-Current Coupling Capacitor, A 
ING wae Dyer tect ies cc aid 848-52 
Carrier Current Relay Installation, A. 
IBTOMMO MV OStatic inte ce Las 109-15 
IDiscmosoy440%) ClOS he 22s ios tees 558 
Catenary Calculations, Transmission 
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der Brushes of Commutator Ma- 


(Dec. 1934, p. 1594— 


chines. Hellmund, Ludwig...... 315-21 

DiscwilOO Close eee eee 1110 
(Electrical Machinery) Split Phase 
Starting of 3 Phase Motors. 

SEE@e ye WAY SSeS) 2 le re eae 1068-72 
(Electrical Machinery) Step Type 

Feeder Voltage Regulators. Hill 154-8 
(Electrical Machinery) Test Values of 
Armature Leakage Reactance. 

RO METS rescence reiee, ween 700-5 


(Electrical Machinery) Tests on Arma- 
ture Resistance of Synchronous 
Machines. Robertson.......... 705-9 

(Electrical Machinery) Time-Tem- 
perature Tests to Determine Ma- 
Chinopluesses-e HEVOSS eee e ceria 

Disc WlOS Close. te estes or ee 

(Electrical Machinery) Transient Volt- 
ages in Rotating Machines. 
Ea Ver aera eee eee eee 599-603 

(Electrical Machinery) Transients in 
Magnetic Systems. Wagner. 
(March 1934, p. 418-25) 

IDISCMOO Mee ClLOSten te aie te tie eee 769 

(Electrical Machinery)  Vibratorily 
Commutated Stationary Conver- 
SION SOULD Zabol ei ant 1213-21 

(Electrochemistry) (See Electro- 
metallurgy) 

Electrochemistry Advances, Indus- 
itch wan th petlice wat, ROM ee ee to tee 

Electrograph, 
Gromivell warned or tuehe an eaten 923-30 

(Electrolysis) Cable Sheath Corrosion 


Causes and Mitigation. Blom- 
bere Douglaswue ae ore or 382-7 
DISGLOh ste eke AO eal eee eee 885 

Electrolytic Capacitor, The A-C. 
Lomont,) Dunleavey-....4....5>. 1058-63 


Electromagnetic Forces, Bridge Meas- 
urement of. Seletzky, Priday.. .1149—52 
(Electrometallurgy) Calculations for 


Coreless Induction Furnaces. 

Dywaghtis acai wercset vie cence cere 312-5 
(Electrometaliurgy) Electric Furnaces 

With Carbon Radiator. George. 1195-9 


(Blectrometallurgy) Induction Heat- 
ing at Low Temperatures. Bailey 1210-2 
(Electrometallurgy) Photoelectric 
Control of Resistance Type Metal 
Heaters. Vedder, Evans....... 645-50 
(Electrometaliurgy) Power Company 
Service to Arc Furnaces. Clark. .1173-8 


(Electrometallurgy) Recent Electric 
Furnace Developments in Eu- 
TOPe Camp pellet ewe sass see LOAS—=50) 
(Electrometallurgy) Storage Battery 
Charging. Woodbridge......... 516-25 
Electrometallurgy, The Engineering 
Development of Electrochemistry 
ANG DUM OL Sern sta eats. ee rae oe 1320-31 
Electron Tubes in Industry, Applica- 
tlonvoisee © hamberstem aries ok 82-92 
TDSC yee So ene 753 
Electronic Control Applications, In- 
dustrial. Gulliksen, Stoddard... 40-9 
DISCie(O2 a CLOSMt eee are ee ee 153 
Electronic Regulator for an Alterna- 
tor, An. Whipple, Jacobsen.... 663-7 
Electronic Tubes, Ratings of Indus- 
trial. Pike, Ulrey. (Dec. 1934, 
p. 1577-80) 
dB SEC aaele @ de Se Amir ete ae aa 754 
Electronic Voltage Regulator, An. 
Craleqsantordeeycee staan seas 166-70 


(Electronics) A High Power Welding 
Rectifier. Silverman, Cox. (Oct. 
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cycle Kilowatts.”’ 305-7 
(Electronics) A New Timer for Resist- 


ance Welding. Stoddard. (Oct. 


TDSC. 78 Lite Sena eee Gee Le eter 755 
(Electronics) A New Trigger Circuit 


for Closing a Switch. Ruiz..... 1405-7 
(Electronics) A Radio Interference 

Measuring Instrument. McMil- 

lan, Barnett=4.1.0) ae eer ae ies 
(Electronics) A Static Thermionic 

Tube Frequency Changer. 

Schmidt; Griffith: .7r eee 1063-7 
(Electronics) A Stroboscopic Power 

Angle Recorder. Edgerton...... 485-8 


(Electronics) Anode Materials for 
High Vacuum Tubes. Spitzer. .1246—51 
(Electronics) Applications of a Photo- 
electrici€ell Samy tee eee 1186-90 
(Electronics) Cathode Ray Tubes and 
Their Application. Stinchfield. 
(Dec. 1934, p. 1608-15) 
DISC aerstameree on eke eee eee 749 
(Electronics) Effect of Total Voltage 
on Breakdown in Vacuum. An- 
GOTSOM se esecuss a hot Oe 1315-20: 
(Electronics) Firing Time of an Igniter 
Type of Tube. Dow, Powers.... 
(Electronics) High Speed Motion Pic- 
iirésaeLldvertone reer eee 
(Electronics) High Velocity Streams in 
the Vacuum Are. Easton, Lucas, 
Creedy. (Nov. 1934, p. 1454-60) 
Disc: 444 clositati ween 7. eee 756 
(Electronics) Methods of Electrical 
Prospecting. | Bink saan nae 
(Electronics) Photoelectric Control of 
Resistance Type Metal Heaters. 
Vedder Hivanss s.r eee 645-50 
(Electronics) Resonant Lines for Fre- 


942-9: 


149-53: 


293-6 


quency Control. Hansell....... 852-7 
(Electronics) The ‘‘Ignitron’’ Type of 
Inverter. Wagner, Ludgwig. 
(Oct. 1934, p. 1384-8) 
Disen7ola (54: Xcloss enemies 754 
(Electronics) The ‘“‘Thyratron’”’ Mo- 
tor. Alexanderson, Mittag. 
(Nov. 1934, p. 1517-23) 
Disc: 750%: cClosks-weenete Ss ae ee eee (oo) 
(Electronics) Ultra-Short Waves in 
Urban Territory. Burrows, 
Decino, Hun t:ouee oe ene 115-24 
Disc? 749% (clos.teicctsc ss ee 749. 


(Electronics) Use of Vacuum Tubes in 
Measurements. Horton......... 93-102 
(Electrophysics) A Generalized Infi- 


nite Integral Theorem. Malti... 1222-7 
(Electrophysics) An Electrostatic Au- 
dio Generator. Kurtz, Larsen... 950-5 


(Electrophysics) Analysis of Rectifier 
Hilton @ircultsses.s toubs sete 977-84 
(Electrophysics) Current and Voltage 


Loci in 3-Phase Y-Y Circuits. 
Seletzkyia. 3.4.53 s se See 970-6. 
(Electrophysics) Current Harmonics » 
in Nonlinear Resistance Circuits. 
Owens.-' 4 dy 4. ora ee ee 1055-7 
(Electrophysics) D-C Cleanup in In- 
sulating Oils. Whitehead, Shevki 603-9 
Dise: 1119; clostayaye eae ee 1119: 


(Electrophysics) Earth Resistivity and 
Geological Structure. Card..... 1153-61 
(Electrophysics) Effect of Total Volt- 
age on Breakdown in Vacuum. 
Andersonicn.. 6.00. eee 1315-20 
(Electrophysics) Electrical Figures on 


Plates in Air. Pleasants. (Feb. 
1934, p. 300-7) 
Discl:2384:7clos. es See ee 234 
(Electrophysics) Elliptic Integrals of 
Large Moduli. Dwight......... 709-11 


(Electrophysics) I.E.C. Adopts MKS 

System of Units. Kennelly...... 1373-84 
(Electrophysics) Parallel Inverter 

With Resistance Load. Wagner.1227—35 
(Electrophysics) Resolution of Surges 

Into Multivelocity Components. 
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IBGWIOY:. siveane ft era sileare tae 1199-1203 
(Electrophysics) Similarity Relations 
in Electrical Engineering. Brain- 


erg; Neufeldawnko Magasin as sine 268-72 
(Electrophysics) The Newly Discov- 

ered Elementary Particles. Dar- 

TOW ata sored era e a iorate apaiee-auers 4 808-16 
(Electrophysics) Two Methods of 

Mapping Flux Lines. Godsey... 1032-6 
Blectrostatic Audio Generator, An. 

WKUPET) WBESONLE + strana cs) cde erate 950-5 
Electrothermic Instrument, An Im- 

MLrOved ean LANCOM css ile ee 474-81 
Elementary Particles, The Newly Dis- 

Covered ie Darrowuenusniatiei. te 808-16 
Elliptic Integrals of Large Moduli. 

[Dwight taeoar etc ernc choses a eG 709-11 
Energy and Power, Positive and Nega- 

tive. Doggett, Tarpley.. . 1204-9 
Engineer and the Modern World, “The. 

INCN 2 2 Ge een Aime cure eah Rees tonarens 1031-2 
Engineer, Friendship and the. Meyer 1287 
Engineer, Opportunity and the Young. 

IVT OY. CL eed tek oye po ctiisecedoneseremiaie & a0 1143 
Engineering, An Advanced Course in. 

Stevenson, Howard............. 265-8 


Engineering Development of Electro- 

chemistry and Electrometallurgy, 

PUNO DUNOb arc cchie cele acct ains 1320-31 
Engineering Education as a Prepara- 

tion for Any Life Work. Johnson 358-61 
Engineering Education Is Meeting the 


Challenge. Bibber. (Oct. 1934, 
p. 1856-9) 
DISC MAO 4 COO sCLOS Sa, sates eee mieveis 759 
Engineering Education Needs a ‘‘Sec- 
ond Mile.’’ Wickenden. . 471-3 
Engineering Features of Boulder Dam 
and Power Plant. McClellan.... 583-94 
Engineering Features of the Boulder 
Dam-Los Angeles Lines. Scatter- 
DOO Ace hae le cachte wk el bald 494-512 
Engineering in the Social Sciences 
NEAT COMME acre the shareracers atadeta) sca aliases 16-20 


Engineering,. Probability in. Molina 423-7 
Engineering Profession, Structure of 


the Electrical. Hoover......... 695-9 
Engineering, Similarity Relations in 
Electrical. Brainerd, Noufeld.... 268-72 


Engineers, Registration of. Steinman 876-81 
Excitation for Induction Generators, 


Capacitive. Bassett, Potter..... 540-5 
ID} E16y olan coo: ash OER OR ER tae RRR eR aa 1106 
Experimental Analysis of Double Un- 
balances.) Kambark.2.!. 0.200% 159-65 
Disom ec OD TClOSa sires ackite vie sate ates 206 
Expulsion Oil Circuit Breaker, The. 
Schwager. (July 1934, p. 1108- 
15) 
DISC MAT OBOLOS A: yoialehvstets csteteratee 3 214 
Expulsion Protective Gaps on 132 Kv 
Lines. Sporn, Gross............ 66-75 
DISCS? OOD MAMCLOS eeiniie em ee elaine 781 
F 
Fault and Out-of-Step Protection of 
Winesie Braley, LHarvey:. oo...6 «06 189-200 
Ferromagnetic Theory, Present Status 
ORME BOZOLEN Gea hiss la tadieee 1251-61 
Field Tests on Conductor Vibration. 
Wright, Mini. (July 1934, p. 
1123-7) 
TIDES Lamas, ec ene ee ir a 207 
Filter Circuits, Analysis of Rectifier 
LOUD Meine hae needa es wees 977-84 


Filter for Program System, Line. 
Clement. (Apr. 1934, p. 562-6) 


Firing Time of an Igniter Type of 


sitbere Ow, Powers. . 2s... ca 942-9 
Flashing of Railway Motors Caused by 

Brush Jumping. Hellmund...... 1178-85 
Flux Lines, Two Methods of Mapping. 

GOGECYRERR coins hn. hades oe 1032-6 
Frequency Changer, A Static Thermi- 

onic Tube. Schmidt, Griffith.... 1063-7 
Frequency Control, Resonant Lines 

for. Hansell.. 852-7 


Frequency Converter, ‘Self- Pxcitation 
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of a. 
Friendship and the Engineer. Meyer. 
Furnace Developments in Europe, Re- 

cent Electric. Campbell........ 
Furnaces, Calculations for Coreless In- 

duction. Dwight, Bagai........ 
Furnaces, Power Company Services to 

Are. Clark.. 
(Furnaces) The Pugineern: Develop- 

ment of Electrochemistry and 

Electrometallurgy. Bunet....... 
Furnaces With Carbon Radiator, 

Electrics Georges. san eee 


G 


Gaseous Discharge Lamps, Low Pres- 


sure. Dushman. (Aug. 1934, 
p. 1204-12; Sept. 1934, p. 1283- 
96) ZDISCh ae Sats qarors Some ane 


Ave tial tine ae Ne conan Reece 
Generator, An Electrostatic Audio. 
Kurtz; larsenan.s.. S034 sieo tees 
Generators, Capacitive Excitation for 
Induction. Bassett, Potter...... 


Generators, Control of Transients in 
Welding Generators. Hornby. 
(Dec. 1934, p. 1598-1602) 


DISC Ae eee Ee tie ees 

Generators, Transient Voltages in 
Welding. Miller. (Sept. 1934, 
p. 1296-1301) 

Dis achat tercen citneln Selon a retaet 


Geological Structure, Earth Resistivity 
andig Card acre A ceronee rere 


H 


Harmonics in Nonlinear Resistance 
Circuits, Current. Owens....... 
Hawaiian Radiotelephone System, 
The. Harrington, Hansell....... 
Heat Flow in Turbine Generator Ro- 
tors. Peck. (Oct. 1934, p. 1359- 

65) 
DPIsCLSSOseClOSeracetensks socio ei tere 
Heating at Low Temperatures, Induc- 
toner Balleyen metre aie este 
(Heaviside’s Method) A Generalized 
Infinite Integral Theorem. Malti 


(Heaviside’s Method) Operational 
Method of Circuit Analysis. 
Robertson atte. takteneet teehee: 


(High Frequency) A New Source of 
“Kilocycle Kilowatts.”’ Miles... 
High Power Welding Rectifier, <A. 


Silverman, Cox. (Oct. 1934, p. 
1380-3) 
DISC Akcande shoe ie ee 
High Speed Motion Pictures. Edger- 
COND Geta cisbon te Mae are 


High Velocity Streams in the Vacuum 
Are, Easton, Lucas, Creedy. 
(Nov. 1934, p. 1454-60) 

Disc 44d clos we eee eee 

(Human Relations) Characteristics of 
a Group of Engineers. Spooner. 
(Dec. 1934, p. 1571-6) 

Disc. 51s Closcae nee here 

(Human Relations) Engineering Edu- 
cation as a Preparation for Any 
Life Work. Johnson............ 

(Human Relations) Engineering Edu- 
cation Is Meeting the Challenge. 
Bibber. (Oct. 1934, p. 1356-9) 

IDISCHOVEE LOO TLCLOS ee ERE ee 

(Human Relations) Engineering Edu- 
cation Needs a ‘Second Mile.’ 
Wickendens 3. 4A aerate ae 

(Human Relations) On the Schooling 
of Engineers. Dow. (Dec. 
1934, p. 1589-91) 

DISOs 70 AR HOO CLOSae a poe eee 

(Human Relations) The A.I.E.E. as 
an Educational Institute. John- 


(Human Relations) The Engineer and 
the Modern World. Meyer...... 
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1359-66 
1287 


1048-50 


312-5 


5 MWe} 


761 
1222-7 
950-5 


540-5 
1106 


441 


441 


1153-61 


1055-7 


822-8 


149-53 


756 


760 


358-61 


759 


471-3 


Huntley Station No. 2, Design and 


Operation of. Cushing.......... 632-45 
Dis0 nh caer tore ote he aie ee one eee 996 
(Hydroelectric) Engineering Features 
of Boulder Dam and Power Plant. 
Mio@lellanh: Fea soos ne ae eae 583-94 
(Hydroelectric) Some Features of the 
Boulder Canyon Project. Scat- 
OY ZOO ccieeiste Meee te ee 361-5 
Hyperbolic Function Charts, Complex. 
Wooodrufitie ccc. crete tie siateks orale 550-4 
Diseis sige nak os Sa Sole aa eaten 1002 
| 
Igniter Type of Tube, Firing Time of 
an, «Dow Powers: assole rier 942-9 
“TIgnitron’”’ Type of Inverter, The. 
Wagner, Ludwig. (Oct. 1934, 
p. 1884-8) 
Disce 751s (O45 ClOS eee ei tree 754 
(Illumination) Adequate Lighting Isa 
Sound Investment. Wood...... 421-3 
(Illumination) Low Pressure Gaseous 
Discharge Lamps. Dushman. 
(Aug. 1934, p. 1204-12; Sept. 
1934, p. 1283-96) 
Didestiten gh A ettearien neta eaertaere 761 
Impedance, Cable System Neutral 
Grounding. Clem aee ee eenee 30-40 
Disclio2474345iclospeeane a eer aicee 768 
Improved Electrothermic Instrument, 
"Ani bincoln Se. ee eee 474-81 
Disc. Q87+velosweants aiden ae cies 988 
Improvements in Communication 
Transformers. Ganz, Laird..... 1367-73 


Impulse and 60 Cycle Strength of Air. 
Bellaschi, Teague. (Dec. 1934, p. 
1638-45) 


Dises (69 "clossy chars «eer re eae 770 
Impulse Test Voltages, The Produc- 
TIONS OL me DIAL Ne eee eee 1100-4 
Inductance of Steel Reénforced Alumi- 
num Cable. Woodruff.......... 296-9 
Induction Heating at Low Tempera- 
tures!) Bailey te es ie eee 1210-2 
Induction Machines, Efficiency Tests 
of. Leader, Phillips. (Dee. 
1934, p. 1628-32) 
Discs, 76145 clossanen eae ee 764 
Induction: Machines, Power Losses in. 
Narbutovskih. (Nov. 1934, p. 
1466-71) 
Dise: 64s" clos Aatenes saree cee 766 
Induction Motor Locked Saturation 
Curves. Norman. (Apr. 1934, 
p. 536-41) 
Dise: 761: sclosjo23e0 cee ree 1105 
Induction Motors, Segregation of 
Losses in Single Phase. Veinott. 1302-6 


(Induction Motors) Split Phase Start- 
ing of 3 Phase Motors. Tracy, 
SWV:StS eek RI ok AEA arg 1068-72 
(Industrial) ‘“‘Angle Switching’ of Syn- 
chronous Motors. Shutt, Daw- 


BOD de 5 HE atta ocatehe CRO ie ee I 1191-5 
(industrial) Automatic Control for a 
Roughing Mill. Watson........ 656-60 


(Industrial) D-C’ Circuit Breakers for 


Steel Mill Service. Deans....... 594-8 
(Industrial) Electric Power Equipment 
for Steel Plants. Wright........ 481-5 
Industrial Electrochemistry Advances. 
in ee ibs ck rn tp tee een eae 921-3 
Industrial Electronic Control Applica- 
tions. Gulliksen, Stoddard...... 40-9 
Dise. W52i-closiia, pepe ane ere ee 753 
Industrial Electronic Tubes, Ratings 
of. Pike, Ulrey. (Dec. 1934, 
p. 1577-80) 
DS Cie dree! thee ee a Tee Tae 754 
(Industrial) Induction Heating at Low 
Temperatures. Bailey.......... 1210-2 
(Industrial) Photoelectric Control of 
Resistance Type Metal Heaters. 
Vedder* Bivans... 40 645-50 
(Industrial) Production of Steam From 
Electric Energy. Reid.......... 712-9 


(Industrial) Speed Transients of D-C 
Rolling Mill Motors. Umansky, . 


ELECTRICAL ENGINEERING 


Wen Villatncetn ene e Moat conte 387-94 
Infinite Integral Theorem, A General- 
qed. Maltiven Fn host ee 1222-7 
Instantaneous Overcurrent Relays for 
Distance Relaying. Frier....... 404-7 
DISCVSSOstClLOSs. cele ha ose ches 884 
Instrument, A Radio Interference 
Measuring. McMillan, Barnett. 857-62 
Instrument, An Improved Electro- 
TPHeMmMIC we LINCO ee eee CATA ol 
DISC GS Uae CLOS ste ceth ote paket dom miate 988 
(Instruments) A Cathode Ray Oscillo- 
graph for Observing Two Waves. 
George, Heim, Mayer, Roys. . . 1095-1100 


(Instruments) A New Watt-Hour 
Meter: a/Groonra.ctk ae) eccen 1073-84 
(Instruments) A Stroboscopic Power 


Angle Recorder. Edgerton..... 485-8 
(Instruments) A Wattmeter for Com- 

munication Circuits. Eldredge... 279-81 
(Instruments) Breaker Performance 

Studied by Cathode Ray Oscillo- 

SPAMS ee VANE SICK Omit inne 178-84 


(instruments) Bridge Measurement of 
Electromagnetic Forces.  Selet- 
ZA MET AGES CrP ois ee fo Shao 1149-52 
(Instruments) Direct Measurement of 
Surge Currents. Foust, Hender- 


IDISCHOSO MClOS: mas. A tie eet ees 
(Instruments) Effect of Total Voltage 
on Breakdown in Vacuum. An- 


(Instruments) Effect of Ultraviolet 


on Breakdown Voltage. Nord... 955-8 
(Instruments) High Speed Motion 
PICEUNES.  HWAerEON ..4 4). cans 2 oes 149-53 
(Instruments) Lubrication Increases 
Life of Meter Bearings. Abbott, 
(CROSS Mec PRs eat Seneca ak 428-31 
ise 992+EClOs= ce aesateaei res ee 992 
(Instruments) Multielement Operation 
of the Cathode Ray Oscillograph. 
NVOOGTULUs ae tine hears on ae EL 1045-7 
(Instruments) Portable Schering 
Bridge for Field Tests. Hill, 
Watts, Burr. (Jan. 1934, p. 
176-82) 
DISCOS OTCLOS a tuswrams chereerenie oes 986 
(Instruments) Precise Speed Control 
for D-C Machines. Frazier, Eis- 
LOL PEVATLUZE Ay ok chars Ste eres one 307-12 
(Instruments) Simplified Measure- 
ments of Sound Absorption. Al- 
bert, Wagner. (Aug. 1934, p. 
1160-2) 
ND ISCAS Or CLOS ying reweers ele Pae cotas 233 
(Instruments) Standardization of 
Noise Meters. McCurdy........ 14-5 
DDISO Rees ee Sia rae A Ne recess ae 437 
(Instruments) The M.I.T. Power Fac- 
tor Bridge and Oil Cell. Bals- 
baugh, Kenney, Herzenberg...... 272-9 
DisewooO. 148% ClOSs erik so ecaes ts 748 
(Instruments) The Production of Im- 
pulse Test Voltages. Sprague..... 1100-4 
(Instruments) The Sparkless Sphere 
Gap Voltmeter. Sorensen, Hob- 
SOMMEVAIM OT Menara sieune terete « 651-6 
DISC ROO 2) CLOS Merc ce ecthe ute ereiiaPene. ons 1003 
Insulating Oils, D-C Cleanup in. 
Whitehead, Shevki.............. 603-9 
DISC Lal De CLOG sisteve © syers Ta iclleds ores 6 1119 
Insulation, A Criterion of Quality of 
Gable. | Wyatt, spring)... ..-.. 417-21 
Insulation, Breakdown Curve for Solid. 
Wontsinger vad ancl: 1300— 
(Insulation) Dielectric Properties of 
Cellulose Paper. Whitehead, 
Greenfield. (Oct. 1934, p. 1389-— 
94; Novy. 1934, p. 1498-1503) 
ise, O22, 431 closinse.se onan a 766 
(Insulation) Dielectric Sia of Min- 
eral Oils. Clark.. - : 50-5 
DISCO LOW ClOSt ne sree cloister ener ores 767 


(Insulation) Effect of Total Voltage on 
Breakdown in Vacuum. Ander- 


Insulation for High Voltage Alterna- 


tors. Laffoon, Calvert.......... 624-31 
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(Insulation) Impulse and 60 Cycle 
Strength of Air. Bellaschi, 
Teague. (Dee. 1934, p. 1638-45) 

Wisse OO closaw weeks eie ne ts 

Insulation, Pyrochemical Behavior of 
Wellilosenwe @lankinnsts cee. oes 1088-94 

(Insulation) Recent Progress in Di- 
electric Research. Whitehead. ..1288—91 

Insulation Research, Practical Applica- 
TODS TON EECODEL ete care aitieh ta eine 

Insulator Arcover in Air. Maxstadt. 
(July 1934, p. 1062-8) 

Discs 2354) Close ior seen 

Insulator String, The. Sorensen. 
(Aug. 1934, p. 1221-4) 

Disc. 206; clos.. 
Insulator Surface and “Radio Effects. 


770 


816-21 


236 


207 


Hillebrand, Miller. (Aug. 1934, 
p. 1213-20) 
Dish. Pemee ey Menra es te Tanta nae ose eats 208 
Insulator Surfaces, Control of Poten- 
tial Over. Bennett, Fredendall.. 1084-7 
Integral Theorem, A Generalized In- 
hnitesee Wal tine aac cont ek aren. 1222-7 
Integrals of Large Moduli, Elliptic. 
Dwight eee, 6 woes reer: een pe 709-11 
Interference Measuring Instrument, A 
Radio. McMillan, Barnett...... 857-62 
L.E.C. Adopts MKS System of Units. 
Senne) eee tat ec cre era 1373-84 
Inverter, The ‘‘Ignitron’’ Type of. 
Wagner, Ludwig. (Oct. 1934, 
p. 1384-8) 
DISCH Dl ios wClOS aes ePrice ees 754 
Inverter With Resistance Load, Paral- 
loly ee VWViAQNEL exe. oekert iadtcs 1227-35 
Tron, Nickel, and Cobalt, Magnetic 
Alloyerore = Ln noen paneer venir 1292-9 
J 
Joint Use of Poles With 6,900 Volt 
Lines. Bullard, Keyes. (Dec. 
1933, p. 890-8) 
DIsCy lO se Clos teeer. iench ters crisis alte 212 
K 
“Kilocycle Kilowatts,’’ A New Source 
OL MIVIN OS heer vansceretre eters a eie 305-7 
L 
Lamps, Low Pressure Gaseous Dis- 
charge Dushman. (Aug. 1934, 
p. 1204-12; Sept. 1934, p 1283- 
96) 
DIC. oat ate, sid nas na Beha 761 
Letters to the Editor 
Accounting and Engineering. Rich- 
Tcl a reget oe a EY SW Crit etch 349 
A.I.E.E. Service to the Electrical 
industryz. J amMesacseeer te aaeies 136 
An Engineer’s Thought on the Eco- 
nomic Scene. Jakobsen......... 460 
Armature Reactions in Unloaded 
Single Phase Generators. Beaver 1130 
Calculation of Induced Bus Bar 
Currents. Dwight.. 349 
Capacitor Motor With Double Cage 
Rotors | buchstem epee 1018 
Bretebee Mie wiesecka cote healers 1422 
Characteristics of a Group of Engi- 
neers. Hayes a eee eee 1017 
Complex Hyperbolic Functions and 
Their Inverse. Weinbach....... 1128 
Confusion Exists in Rating of Low 
Loss Insulation. Bjorndal....... 911 
Constant-Current A-C Transmis- 
BLONDE Pe LHOMLAS wei. eo ooees et 573 
Control of Transients in Welding 
Generators. Creedy............ 683 
Copper and Aluminum Cable Fusing 
Time-Current Formulas. Reeves 1127 
Decrement Curves for Power Sys- 
Horn sea Ver arcs nanstecererones oes 910 
IDSA? petri, Seiko GOS Oe 910 
Electron Tubes for Resistance Weld- 
THA,’ WENO Sob aed Rte NORCO OLCIOES S 1017 
Emergency Practices in Resuscita- 
TOMES US Wella ters eePeahe oR excrete 909 
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Engineers in Elective Public Office. 


MCNIGOlia tren ca abine ees 
First - Electric Street Railway 
Thomas ee fctactar cigs eotee ees atten 
Wheeler! oc atuctms ones oan eres 
Graphical Solution of Star-Delta 
Transformations. Ball. (Dec. 


1934, p. 1680) Correction....... 
Improving Section Meetings. Moul- 


Internal Price Levels and Foreign 
Prade.= (Cunninghamey. eats 
Loading a Bank of Dissimilar Trans- 
formers. Lyon, Kingsley........ 


Mapping of Fields. 
Calvert. nice oo eee 


Measurement of Quadrature Axis 


Synchronous Reactance. Kings- 
TOY. aoe ace oe Eee 
Method of Electrical Prospecting, A. 
WRPASNOW  isinss Sone we cE 
New Source of ‘‘Kilocycle Kilo- 
WAtUS; mtA = ES DOONCr saan eene 
IMIG Cid eset «oor cars te che oncene ate 
New Uses for Overproduced Prode 
Wéts: POWiallis\istoces saietcrons ae ane 
Operational Calculus. Barkey.... 
Gsrdneri ge, oe ct ae one ee 


Overcompounded D-C Generators in 
Parallel Without an ce 


Brainerd. . 
Nelson, Rock. Ie a er OE eS 
Reid. Sine soe nsec eee 
ar O05 terete oo mise ee 
Whipple... sees cera ee oe 
Registration of Engineers. Berres- 
TOPS or ioxa catintatns Ca eee 
Baus) /55. hottie con Po eee 
Scanlon sss arcs Satoh ore ee 
Reignition of an Arc at Low Pres- 
sures. Mackeown, Cobine...... 
Similarity Relations in Electrical 
Engineering. Weber............ 
COCA Lae eerie wee toribestreeteres 
The Engineer’s Influence on Public 
Opinions sDouglasm acre 
The Status of Television in Europe. 
larrapeecs seat once eee 
Titles of Engineers. Kniskern.... 


Transmission Line Catenary Calcu- 
lations. McCracken............ 
Kehrenburgs.. 404s ee 

Why Use Vectors and Complex No- 
tation? Skilling, Bacon......... 

(Light) Low Pressure Gaseous Dis- 
charge ee Dushman. (Aug. 
1934, p. 1204-12; Sept. 1934, p. 
128396) 


Lighting in Automobile Fatalities, The 
Important Role Played by Street 
Lighting is a Sound Investment, Ade- 
quate::~ Wood: 3:ti:cen eee 
Lightning Currents in Field and Lab- 
oratory. ‘Bellaschite. eee 
(Lightning) Discharge Currents in Dis- 
tribution Arresters. _McHachron, 
Me Morrisy. eee ee 
Lightning Investigation on a 220-Ky 
System. Bell. (Aug. 1934, p. 
1188-94) 
IDise:218>"closs 14-7 ce teeta 
Lightning Investigation on Transmis- 
sion Lines—IV. Lewis, Foust. 
(Aug. 1934, p. 1180-6) 
Disa asteec ac tite. Sa ae eee 
Lightning Investigation on Transmis- 


sion Lines—V. Lewis, Foust.... 
Lightning Performance of 132-Kv 
Lines. Sporn, Gross. (Aug. 


1934, p. 1195-1200) 
Disc 218). 226;clos oan eee 
Lightning Performance of 220 Ky 


Lines. (Com. rept.) (Nov. 1934, 

p. 1443-7) 
Disc: 4463) Glosi. ccnp eames cn heen 
(Lightning Protection) Expulsion 


Protective Gaps on 132 Ky Lines. 


233 


218, 231 


934-42 


780 


1431 


SOM, AT OSS ahr Eatrapuesew erro wee 66-73 
Disc: 629, 557: clas: isc. ../.600. 005 781 
Lightning Protection of Distribution 
Transformers. Flanigen........ 1400-5 
(Lightning Protection) Surge Currents 
in Protective Devices. Opsahl... 200-4 
Lightning Strokes, Multiple. Mc- 
Eachron. (Dec. 1934, p. 1633-7) 
Wisesoos 4445 ClOs wm seaman care 782 
(Lightning) The Production of Impulse 
Test Voltages. Sprague......... 1100-4 
Line Filter for Program System. Cle- 
ment. (Apr. 1934, p. 562-6) 
IDVIE@S < SR aS, Oo OE RN eee 210 
Load Losses in Salient Pole Synchro- 
nous Machines. Pollard........ 1332-40 
Loads on Delta-Connected Trans- 
formers With Mid-Taps. Larson 931-4 
Los Angeles Lines, Engineering Fea- 
tures of the Boulder Dam. Scat- 
tergood.. ; 494-512 
Losses in Induction Machines, Power. 
Narbutovskih. (Nov. 1934, p. 
1466-71) 
IDG es "710% b Olen cinae Bae won oro oer 766 
Losses, Time-Temperature Tests to 
Determine Machine. Ross..... 512-5 
ID ISCom ll OM CIOS a: neta ake Sees 1109 
Low Pressure Gaseous Discharge 
Lamps. Dushman. (Aug. 1934, 
p. 1204-12; Sept. 1934, p. 1283— 
96) 
IDO. <4 edi Si a eo a ee 761 
Lubrication Increases Life of Meter 
Bearings. Abbott, Goss......... 428-31 
IDSC, QPP OEE. as cls oa dis Gia creer 992 
M 
Machine Losses, Time-Temperature 
Tests to Determine. Ross...... 512-5 
IDE, TOYA Oona oe eee ee 1109 
Machine Reactances, Effects of Satu- 
MAbI OMOEA SOLO ne bees cet cio ate 545-50 
Discus te ClOSaeis pee esnsuc sy sete 1115 
Machinery (See Also Electrical Ma- 
chinery) 
Machines, Armature Leakage React- 
ance of Synchronous. March, 
(CHEAT css ob SAS Oe ne Cee 378-81 
Disc. 1116; clos.. 1118 


Machines, Load Losses i in ‘Salient Pole 
Synchronous. Pollard.......... 1332-40 

Machines, Precise Speed Control for 
D-C. Frazier, Hisler, Frantz... . 

Machines, Sparking Under Brushes of 


307-12 


Commutator. Hellmund, Lud- 
Wiad tec oe Boe eae ee ne 315-21 
IDEG AOS GOs Sokere Oo ole Se ee 1110 
Machines, Transient Voltages in Ro- 
IMTS UAeD” AB EDGES uh Ou ante aeons 599-603 
Magnetic Alloys of Iron, Nickel, and 
@obalitMeerlmen wns. eis wrote 1292-9 
Magnetic Fields in Machinery Wind- 
ngs, DDYOUd ERG ag bipos anomie oo. 959-66 
(Magnetic Materials) Silicon Steel 


in Communication Equipment. 

Crawiord sunOMmas 1. se aaes ie. 1348-53 
(Magnetic) Present Status of Ferro- 

magnetic Theory. Bozorth..... 1251-61 


Magnetic Systems, Transients in. 
Wagner. (March 1934, p. 418- 
25) 
WD ISCmOOT SECLOSt ais ence ie opens -rehs 769 


(Magnetic) Two Methods of Mapping 
Flux Lines. Godsey. . 
Magnetics, 1933-34, Research oy ies 


1032-6 


IN MRE SDOODER 4: ec) aici e ee ei le 1354-9 
Mapping Flux Lines, Two Methods of. 
CLOUSC Vere EN atc. ak cele en a: 1032-6 


M.1.T. Power Factor Bridge and Oil 


Cell, The. Balsbaugh, Kenney, 
Busy WAeiall OS) aa eae ey. ee Oy mn 272-9 
IDIsOMOOOT MAS” COS. conch saenes oes 748 
Measurement of Electromagnetic 
Forces, Bridge. Seletzky, Pri- 
OATES 3 Seyas 9 Cee oA eet ee 1149-52 
Measurement of Noise From Power 
Transformers. Fugill. (Dee. 


1934, p. 1603-8) 
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DISC ee ree ee ea 437, 439 
Measurement of Noise From Small 
Motors. Veinott. (Dec. 1934, 
p. 1624-8) 
DISC incite Neg eee seen one 437 


Measurement of Surge Currents, Di- 
rect. Foust, Henderson........ 373-8 
Dise.4989 clos aes nc cess eaters 991 
Measurement of Telephone Noise and 
Power Wave Shape. Barstow, 
IBlyeR Ken tects tie osc eacr ee 1307-15 
(Measurements) A Cathode Ray Os- 
cillograph for Observing 2 Waves. 
George Heim, Mayer, Roys... . 1095-1100 
(Measurements) A New Watt-Hour 


Meter. sa GYeen crete renee are 1073-84 
(Measurements) A Wattmeter for 

Communication Circuits. El- 

Cred geet anc ee a re eee 279-81 


(Measurements) An Improved Electro- 

thermic Instrument. Lincoln... 

DiseOS aC] OSwetene eee eee 988 
(Measurements) Breaker Performance 
Studied by Cathode Ray Oscillo- 


facia. Wrin Sel. c.65.6554056 178-84 
(Measurements) Definitions of Power 
and Related Quantities. Curtis, 

Silsbee sete enckay). cee rakes ores 394-404 

DISC. cosrea ERR eee 1120 


(Measurements) Effect of Total Volt- 
age on Breakdown in Vacuum. 
ANCErSON Sa er ee Ce 1315-20 
(Measurements) Effect of Ultraviolet 


on Breakdown Voltage. Nord... 955-8 
Measurements for Engineering Pur- 
poses, Noise. Churcher......... 55-65 
DISC pee a nl oie ite Pee ei es 437, 439 
(Measurements) High Speed Motion 
Pic hires me Hacertonee es omens 149-53 
(Measurements) Lubrication Increases 
Life of Meter Bearings. Abbott, 
Goss. . hac cote rR OU 
Disc. 992: clos’ Rete oe eRe Om ESD 992 
(Measurements) Multielement Opera- 
tion of the Cathode Ray Oscillo- 
pean,  WWCYeChabbi? 6 5 ae ony aa 1045-7 
Measurements of Sound Absorption, 
Simplified. Albert, Wagner. 
(Aug. 1934, p. 1160-2) 
MisesZoo" Clos yey ein ee 233 
(Measurements) Portable Schering 
Bridge for Field Tests. Hill, 
Watts, Burr. (Jan. 1934, p. 176— 
82) 
Disc. 888; clos. . eae 986 
(Mensunemonte) Bower aud Bincrey: 
Positive and Negative. Doggett, 
MMarpleys nce et eee cote 1204-9 
(Measurements) Precise Speed Control 
for D-C Machines. Frazier, His- 
lerwlranitz este tee ee ee 307-12 
(Measurements) Quieting Substation 
Hquipment. Abbotts... essen 20-6 
DIS Cee es eer tay Me tee tas Tae Ea 437 
(Measurements) Spark Lag of the 
Sphere Gap. Tilles.. : . 868-76 
(Measurements) Siendardiation sor 
Noise Meters. McCurdy........ 14-5 
DISCH iat yen) ale ceo ness ae eee 437 
(Measurements) The M.I.T. Power 
Factor Bridge and Oil Cell. 
Balsbaugh, Kenney, Herzenberg. 272-9 
Dise5595 748 eclos sea aeee ae ee 748 
(Measurements) The Production of 
Impulse Test Voltages. Sprague. 1100-4 
(Measurements) The Sparkless Sphere 
Gap Voltmeter. Sorensen, Hob- 
SOMMER AMO AE aNay, see hee eae 651-6 
Discs O02 ClOsmcee ea eee 1003 
Measurements, Use of Vacuum Tubes 
in. Horton.. . 98-102 
(Measurements) Wabration Avelyn 
Transmission Line Conductors. 
Buchanan. (Nov. 1934, p. 1478- 
85) 
Diser354-RClos.. je re ee 779 
Measuring Instrument, A Radio In- 
terference. McMillan, Barnett... 857-62 
Message From the President, A. 
Meyer...*807, *919, 1031-2, 1143, 1287 
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Meter, A New Watt-Hour. Green. .1073—-84 


Meter Bearings, Lubrication In- 
creases Life of. Abbott, Goss... 428-31 
Dise.1992:0 closiee...a nae ae ae eee 992 
MKS System of Units, I.E.C. Adopts. ; 
Kennelly: 2-252 aie ns a aernances 1373-84 
Meters, Standardization of Noise. 
McCurdy. .acteacn care stenreciatantae 14-5 
DISCS, F sores oe ee Ee : 437 
Methods of Electrical Prospecting. 
Asha een RED Gite mies Ao: 293-6 
(Letter) Krasnow. . 798 
Mid-Taps, Loads on MeltaC connected 
Transformers With. Larson.. 931-4 
(Mining) Methods of Electrical Pros- 
MeChiN ga EN keer ec ree 293-6 
Motion Pictures, High Speed. Edger- 
GODS a. hea REL eee ee eee 149-53 
Motor, An Analysis of the Induction. 
TG VATE hay cc ah eee eee oekag Rerckare toe 526-9 
Motor Locked Saturation Curves, In- 
duction. Norman. (Apr. 1934, 
p. 536-41) 
Disc 316s: closa4 an ee eee 1105 
Motor, The ‘Thyratron.’’ Alexan- 
derson, Mittag. (Nov. 1934, p. 
1517-23) 
Dise: 750 SClostiwie, aascocke ene 752 
Motors, ‘‘Angle Switching’ of Syn- 
chronous. Shutt, Dawson....... 1191-5 


Motors Caused by Brush Jumping, 
Flashing of Railway. Hellmund.1178—85 


Motors, D-C Braking of Induction. 
SKK ly IBIOWUAA. conc coon oo ao rs 488-93 
Motors, Measurement of Noise From 
Small. Veinott. (Dec. 1934, p. 
1624-8) 
DISC ant Raa eee ee 437 
Motors, Pull-In Characteristics of Syn- 
chronous. Shoults, Crary, Lauder 1385-95 
Motors, Segregation of Losses in Single 


Phase Induction. Veinott,...... 1302-6 
Motors, Speed Transients of D-C 
Rolling Mill. Umansky, Lin- 

Vill Oat cue cease Eee eee 387-94 
Motors, Split Phase Starting of 3 

Phase Motors. Tracy, Wyss... .1068—72 
Motors With Windings Not in Quad- 
rature, Capacitor. Puchstein, 

OV. at ek. cedar y ee nee 1235-9 
Multielement Operation of the Ca- 
thode Ray Oscillograph. |Wood- 

TUES ora goes tacts ey Se tes 1045-7 
Multiple Lightning Strokes. Mc- 
Eachron. (Dec. 1934, p. 1633-7) 

Disgs3o2.444-6 ClOSt ane aeee ee 782 


N 


(National Research Council) Recent 
Progress in Dielectric Research. 
Whitehead’? is...) ee eer 1288-91 

(Networks) Experimental Analysis of 


Double Unbalances. Kimbark.. 159-65 

Disc. 20 52NClOS saan eae ae 206 
New Carrier-Current Coupling Ca- 

JOEKONO MIA MOD concnowscaaawe 848-52 
New Source of ‘‘Kilocycle Kilowatts,”’ 

HAS MDI 6S siesta nee 305-7 
(letters) ss Spooner= see een 797 
Milés eit) etry Ce 8 oe ane ee 797 

New Timer for Resistance Welding, A. 
Stoddard. (Oct. 1934, p. 1366- 
70) 
DISCS ASS cos fi he ee 755 
New Trigger Circuit for Closing a 
Swatchs Ay -oRuizaeee es eae 1405-7 
New Watt-Hour Meter, A. Green... .1073-84 
Newly Discovered Elementary Par- 
ticles;uhhes | Darrowse) oo ae 808-16 
Nickel, and Cobalt, Magnetic Alloys 
of Iron. Elmen.. 1292-9 


Noise and Power Wave Shape, “Meas- 
urement of Telephone. Barstow, 
Blye: Kents.cc) 42> eee eee 1307-15 
Noise From Power Transformers, 
Measurement of. Fugill. (Dee. 
1934, p. 1603-8) 
Disc: Shc Wtee cna ne aie ee ee 437, 439 
Noise From Small Motors, Measure- 
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ment of. Veinott. (Dec. 1934, 
p. 1624-8) ; 
JD (0s onsen uatog Soe Ce ae ena 437 
_ Noise Measurements for Engineering 
Purposes. Churcher............ 55-65 
1OVEG. + oy 31,3 SOT OER aS SE eee 437, 439 
- {Noise Measurements) Quieting Sub- 
station Equipment. Abbott..... 20-6 
IBUE Ceo o-sho 6 0c SA REET ee ee 437 
Noise Meters, Standardization of. 
Mic Guindy mem tan ey-isb eitieican tare 14-5 
IDE Go. 5. 6125 tiakoce chen ary oer 437 
Oo 
Oil Cell, The M.I.T. Power Factor 
Bridge and. Balsbaugh, Ken- 
MeyeskLeErzen berg es «ac sans dele 6. 272-9 
DISCHOOO CAS CLOSe yang oe eee. 748 
Oil Circuit Breaker and Voltage Re- 
covery Tests. Poitras, Kuehni, 
KOA LSE nici geo oes 170-8 
Oil Circuit Breaker, The Expulsion. 
Schwager. (July 1934, p. 1108-15) 
DiSCee oo iC lOSte css. ara ararnltte e e acess 214 
Operation of Huntley Station No. 2, 
Design and. Cushing.......... 632-45 
ID ISCh e Ree ee ng ces 996 
(Operational Calculus) A Generalized 
Infinite Integral Theorem. Malti. 1222-7 
Operational Method of Circuit Analy- 
sis. Robertson.. : . 1037-45 
Opportunity and the Young Engineer. 
Mey er aera wenn in Sonn aii eeni 1143 
Oscillograph for Observing 2 Waves, 
A Cathode Ray. George, Heim, 
Mayer, Roys.. é . 1095-1100 
Oscillograph, Multelement. “Opera: 
tion of the Cathode Ray. Wood- 
WU cesT AdRES Ree eee 1045-7 
(Oscillograph) The Speed-Time Elec- 
trograph. Cromvwell............ 923-30 
Overloading of Power Transformers. 
Montsinger, Dann. (Oct. 1934, 
p. 1353-5) 
DNs ALS Gen ao nee oe Oe 773 
Overloads on Transformer Life, Ef- 
fect of. Nichols. (Dec. 1934, 
p. 1616-21) 
DIOR ier oe CLOS es cones alse sotisie oe 778 
- Overvoltages on Transmission Lines. 
Gilkeson, Jeanne. (Sept. 1934, 
p. 1301- bee 
Disc. . PE Rs ih . 021, 445 
P 
Parallel Inverter With Resistance 
: Woadem Wegner. sestt etc en sk 1227-35 
Photoelectric Cell, Applications of a. 
Asari lnmer neon, hethices sar tittle’ 1186-90 
Photoelectric Control of Resistance 
Type Metal Heaters. Vedder, 
HD aeseh Mss chars Sere see ec Sa een 645-50 
Pilot Wire Relay Protection. George, 
PB TOWNLeG a rho 4) orale cos 1262-9 
Poles With 6,900 Volt Lines, Joint 
Use of. Bullard, Keyes. (Dec. 
1933, p. 890-8) 
Disc elOPRClOSis meaeevcka owen aie ee eas 212 


Portable Schering Bridge for Field 
Tests. Hill, Watts, Burr. (Jan. 
1934, p. 176-82) 
DISCO SOC LOB se se ees, Sonics aie ibs 986 
Power and Energy, Positive and Nega-, 


tives Dorsett, Larpley..= a... -- 1204-9 
Power Company Communication Sys- 
matemaAe George, Huie........ 262-0 
IDISeASSAn ClOS Mk er lac rome ees 885 
Power Company Service to Are Fur- 
mee, CLEA 6 Siang oma occ ete ae 1173-8 
Power Factor Bridge and Oil Cell, The 
M.I.T. Balsbaugh, Kenney, Her- 
ASA OTe 5 O10 Orcas Mee Cre OORT 272-9 
Power Flow and Bus Voltages, Calcu- 
RS TLOM OL OMTG ON ee aetece stone oer ect 408-16 
(Power Generation) Design and Oper- 
ation of Huntley Station No. 2. 
(CHELATOR, Joc yh oreele Oe eta ce cna 632-45 
OE 6) 5 oo Ge ONO ERC rc ae 996 


(Power Generation) Engineering Fea- 
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tures of Boulder Dam and Power 
Plante Vic@lollanseste etree 
(Power Generation) Rehabilitation of 
the Connors Creek Plant. Greene. 


583-94 


610-17 


Discml OOO Closseeriae ci eiace kh eeiae 1105 
(Power Generation) Some Features of 
the Boulder Canyon Project. 
Scatterroodenme eerie one 361-5 
Power Losses in Induction Machines. 
Narbutovskih. (Nov. 1934, p. 
1466-71) 
Disce7O4 RClOsk Mentaerraeise aie tecs, 4 766 
Practical Applications of Insulation 
Research anh Openers enc bane 816-21 
Precise Speed Control for D-C Ma- 
chines. Frazier, Hisler, Frantz.. 307-12 
Present Status of Ferromagnetic The- 
OLY OZOLUn et eee ere 1251-61 
President, A Message From _ the. 
Meyer.....*807, *919, 1031-2, 1143, 1287 
Probability in Engineering. Molina.. 423-7 
Production of Impulse Test Voltages, 
ALC ODrA ZOOM eee 1100-4 
Production of Steam From Electric 
Dae grain IRVaGle Lait coy ago bore 712-9 
Profession, Structure of the Electrical 
Engineering. Hoover. 695-9 


Program System, Line Filter ‘for. 
Clement. (Apr. 1934, p. 562-6) 


Program System, Wide-Band Open- 


Wire. Hamilton. (Apr. 1934, p. 
550-62) 
DISCH eye ee ceases 210 
Prospectin Methods of Electrical 
Pim es ee ee cranes hers ae 293-6 
(Protection) A Carrier Current Relay 
Installation. Browne, Vest...... 109-15 


IDiscHocoN 44 sClOsme eres Byaed 558 
(Protection) The Expulsion Oil Circuit 
Breaker. Schwager. (July 1934, 
p. 1108-15) 
DisctHilD Closets. eee ee 214 
(Protection) Transient Voltages on 
Bonded Cable Sheaths. Hal- 


perine, Clem. IMitllor sameeren aa 73-82 
DisCsAdO Clos wee te eee ee 766 
(Protective Devices) Breaker Perform- 
ance Studied by Cathode Ray Os- 
cillograms. Van Sickle.......... 178-84 
(Protective Devices) Bridge Measure- 
ment of Electromagnetic Forces. 
Seletzkyeridayen. seen onan 2 L49=52 
(Protective Devices) Circuit Breakers 
for Boulder Dam Line. Prince.. 3866-72 


(Protective Devices) Discharge Cur- 
rents in Distribution Arresters. 
McFachron, McMorris......... 1395-9 
(Protective Devices) Fault and Out-of- 


Step Protection of Lines. Braley, 
FLaTy Cy cs eet ee ene 189-200 
(Protective Devices) Instantaneous 
Overcurrent Relays for Distance 
Relayino ese ner ete Pear 404-7 
IDISCH OSs CLOSueter Li a eee eee 884 
(Protective Devices) Lightning Pro- 
tection of Distribution Trans- 
formers. Flanigen. . wows 1400-5 
(Protective Devices) Oil. Circuit 
Breaker and Voltage Recovery 
Tests. Poitras, Kuehni, Skeats.. 170-8 
(Protective Devices) Pilot Wire Relay 
Protection. George, Brownlee.. 1262-9 
Protective Devices, Surge Currents in. 
Opsa bra pown fo cece ere Nene 200-4 
(Protective Devices) The Determina- 
tion of Circuit Recovery Rates. 
BOchN ernest casio Patter emer aes 530-9 
Protective Signaling. Farmer....... 617-23 
Disc Sclosmeerea a eee ee. 1118 


Pull-In Characteristics of Synchronous 
Motors. Shoults, Crary, Lauder 1385-95 

Pyrochemical Behavior of Cellulose In- 
Soilkne@ny (Hels, osondosaccbe abe 1088--94 


Q 


Quieting Substation Equipment. Ab- 
IDOGUT a eh mes crete ere aieisisters tel sees psec s 20-6 
TDISC Gepenet usa seccepek cbovovetinen ealintond carrer si 437 
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R 


Radiator, Electric Furnaces With Car- 


bons GeOrzewer sai Ie oe 1195-9 
Radio Communication, Recent Re- 
search in. Hamburger.......... 843-6 
Radio Effects, Insulator Surface and. 
Hillebrand, Miller. (Aug. 1934, 
De l2t3) 
Dise coarse roe Sok ere ae 208 


(Radio) Improvements in Communica- 
tion Transformers. Ganz, Laird .1367—73 
Radio in Puget Sound, Ship-to-Shore. 


anisen. 308 shake Bie ence exeearen etree 828-31 
Radio Interference Measuring Instru- 
ment, A. McMillan, Barnett... 857-62 
(Radio) Resonant Lines for Frequency 
Controlay)Hanselle-..e eee ee 852-7 
(Radio) Ultra-Short Waves in Urban 
Territory. Burrows, Decino, 
IER Ren ARES Gd oS ec 115-24 
WDIS62544-9*s ClOS:. ans eee 749 
Radiotelephone System, The Hawai- 
ian. Harrington, Hansell....... 822-8 
Railroads, Diesel Electric Motive 
Powertor, | Candeese see 863-8 
Ratings of Industrial Electronic Tubes. 
Pike, Ulrey. (Dec. 1934, p. 
1577-80) 
D186). fades et ee eee 754 
Reactance of 3-Conductor Cables, Re- 
sistance and. Salter, Shanklin, 
Wiseman. (Dec. 1934, p. 1581-9) 
Discye 240436 "Closter 882 
Reactance, Saturated Synchronous. 
Kingsley ty.cn ce. bee ee 300-5 
Reactance, Test Values of Armature 
eakages ROkersaan aoe 700-5 
Reactances, Effects of Saturation on 
Machine: hcleoresa eee 545-50 
Disco lds: cchosiePadmnts wee eaten 1115 
Recent Electric Furnace Develop- 
ments in Hurope. Campbell... ..1048—-50 
Recent Progress in Dielectric Re- 
search \Wihiteheadmecme er een 1288-91 
Recent Research in Radio Communi- 
Cations wetlambursers ln ee 843-6 
Recommended Transformer Stand- 
ards. Putman, Clem. (Dec. 
1934, p. 1594-7) 
Discs (07 SS7ise Closter 985 
Recovery Rates, The Determination 
of Cizculte Bochnen ene 530-9 
Rectifier Filter Circuits, Analysis of 
Stouteiss eke ae ee ee eee 977-84 
(Rectifier) Firing Time of an Igniter 
Type of Tube. Dow, Powers.... 942-9 
Registration of Engineers. Steinman 876-81 
(Letters) Berrestord =. 4.-ee 1014 
IM ANIS. acs, obec Ae race A Ree ee 1129 
Scanlon yntaeen Ce ee eee 1421 
Regulation Beyond the Distribution 
Substation. Benner............ 832-7 
Discs 994°" clogs. sw wane a eee 995 
Regulator, An Electronic Voltage. 
Craig Santord anne eee 166-70 
Regulator for an Alternator, An Elec- 
tronic. Whipple, Jacobsen...... 663-7 
Regulators, Step Type Feeder Volt- 
age: (Hilla Shae eee ee 154-8 
Dises-993%s closaece nin eee 993 
Rehabilitation of the Connors Creek 
Plant. «Greene... eee ee OlO=a 
Disch LOOMS clos= eee ee 1105 


Relay Action During Oscillations, Dis- 
tance. Bancker, Hunter. (July 
1934, p. 1073-80) 
Disc. 216sacloss:.cs es oleae 217 
Relay Installation, A Carrier Current. 


‘Browne, Vestc oe ane ee eee 109-15 
Disc). 333; 445:ecloss. ee eee 558 

Relay Protection, Pilot Wire. George 
Browmnlee:d Ria, “usw een. eee 1262-9 

(Relaying) A New Carrier-Current 
Coupling Capacitor. Eby...... 848-52 

Relays for Distance Relaying, Instan- 
taneous Overcurrent. Frier..... 404-7 
Disc;-883%: closer arene eee 884 
Report of the Board of Directors... .. 73547 
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(Research) Arc Welding in Argon Gas. 
Doane Schulte.nae cca atin see 
(Research) Dielectric Properties of 
Cellulose Paper. Whitehead, 
Greenfield. (Oct. 1934, p. 1389- 
94; Nov. 1934, p. 1498-1503) 
IDE OERY PE? Ball 20 Col aa Mamenoree Oa Ors 
(Research) Firing Time of an Igniter 
Type of Tube. Dow, Powers.... 
Research in Radio Communication, 
Recent. Hamburger............ 
(Research) Lubrication Increases Life 
of Meter Bearings. Abbott, Goss 
Research, Practical Applications of 
NSULAtlons we ELOOCL-aciamilce ata 
(Research) Pyrochemical Behavior of 
Cellulose Insulation. Clark.... 
Research, Recent Progress in Dielec- 
STIGMA HItehead. na. oticrione 1288-91 
(Research) The M.1.T. Power Factor 
Bridge and Oil Cell. Balsbaugh, 


1144-9 


766 
942-9 
843-6 

428-31 
816-21 


1088-94 


Kenney, Herzenberg............ 272-9 
DISC ROOD MLASs) CLOS so crt odie crete ies 748 
(Research) The Newly Discovered Ele- 
mentary Particles. Darrow..... 808-16 
Research Work in Magnetics—1933- 
BASES POOLE emer ni tte avers hie areas 1354-9 


Resistance and Reactance of 3-Con- 
ductor Cables. Salter, Shanklin, 
Wiseman. (Dec. 1934, p. 1581-9) 

DISC AR ee Not N exe eB ae tases de elba 324, 436 

Resistance of Synchronous Machines, 


Tests on Armature. Robertson.. 705-9 
Resistance Type Metal Heaters, Pho- 

toelectric Control of. Vedder, 

EVI Breen ane eee sbasane, elu vetoarade 645-50 
Resistivity and Geological Structure, 

arti Cardin. adios tele we cre 1153-61 


Resolution of Surges Into Multive- 
locity Components. 
Resonant Lines for Frequency Control. 


ET ansellomacyas dace tila wise aces 852-7 
Rotors, Heat Flow in Turbine Genera- 
tor. Peck. (Oct. 1934, p. 1359- 
65) 
DISC MOOD SMCLOSs coe nailer Mak errs 769 
Roughing Mill, Automatic Control for 
Lemme VV; AUS OM erie Wide celal creiene aie a 656-60 
S 
Saturated Circuits, Steady State Solu- 
tion of. Beckwith. ..2. 128-34 
Saturated Synchronous - “Reactance. 
ingsleyaemaecneys oc opashtioehe oaea ks 300-5 
DISC CLOSD caves sth ckeusinn cist ose Tae 
Saturation Cee Induction Motor 
Locked. Norman. (Apr. 1934, 
p. 536-41) 
DISCO LENClOR waa are stnrtciclonie eae 1105 
Saturation on Machine Reactances, 
Eiftectsiof.) Kilgore....62 +005 «+ 545-50 
IDTEOs JUNIS RS OE Pomona aman tt Eee e 1115 
Schering Bridge for Field Tests, Port- 
able. Hill, Watts, Burr. (Jan. 
1934, p. 176-82) 
DISCS SS Cl OS aytue aiarctataqekesc.s fats ons 986 
Schooling of Engineers, On the. Dow 
(Dee. 1934, p. 1589-91) 
DISC OL LOU mClOsweaae cane ene ce 760 
“Science Series’’ 
X Rays—What Should We Know 
About Ghem? *‘Clark.....2;«.«- 3-14 
Segregation of Losses in Single Phase 
Induction Motors. Veinott..... 1302-6 


Self-Excitation of a Frequency Con- 
WORUOL er ELOSS sages rere pe ic ole fs 1359-66 
(Self-Inductance) Elliptic Integrals of 


Large Moduli. Dwight......... 709-11 
Ship-to-Shore Radio in “hea Sound 
PAG Arter ELANGOM oy -teiones Shiota ze 828-31 
Signaling, Protective. F ey Eee Re ae 617-23 
IS Gamal ee CLOS! \vcyerahrt tea Score crt a 1118 


Silicon Steel in Communication Equip- 
ment. Crawford, Thomas....... 1348-53 
Similarity Relations in Electrical En- 
gineering. Brainerd, Neufeld... . 
MIRC ELODIE OOM cht hide nash er atks. acess 5 
Simplified Measurements of Sound Ab- 
sorption. Albert, Wagner. (Aug. 


278-72 
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Bewley. .1199-1203 - 


1934, p. 1160-2) 


Disc: 233" Clos ates tins «creates 233 
Social Sciences, -Engineering in the. 
Lincolit oschi e sca ehanes ease oes 16-20 
Some Features of the Boulder Canyon 
Project. Scattergood........... 361-5 
Sound Absorption, Simplified Mea- 
surements of. Albert, Wagner. 
(Aug. 1934, p. 1160-2) 
DiscaVs3sEclosh.ssmie aces ee ree 233 
Spark Lag of the Sphere Gap. Tilles. 868-76 
Sparking Under Brushes of Commu- 
tator Machines. Hellmund, Lud- 
WAS ices Hastiolt est tw wlan ee 315-21 
Dises 1109: 7clos\: kee eaten ete 1110 
Sparkless Sphere Gap Voltmeter, The. 
Sorensen, Hobson, Ramo........ 651-6 
Disc O02 closhankiveiacdn cians Oe 1003 
Speed Control of D-C Machines, Pre- 
cise. Frazier, Hisler, Frantz..... 307-12 
Speed-Time Electrograph, The. 
Cromwellth sek ee eee 923-30 
Speed Transients of D-C Rolling Mill 
Motors. Umansky, Linville..... 387-94 
Sphere Gap, Spark Lag of. Tilles... 868-76 
Sphere Gap Voltmeter, The Sparkless. 
Sorensen, Hobson, Ramo........ 651-6 
Disc lOO2aClosaaeee ee eee 1004 
Split Phase Starting of 3 Phase Motors. 
Tracy. \WiVSSi sat oe eine 1068-72 
(Stability) Circuit Breakers for Boulder 
Damelinew Princesse tere 366-72 


(Stability) Fault and Out-of-Step Pro- 
tection of Lines. 
Stability of the General 2-Machine 


Braley, Harvey.189—200 


SNM OLN shanna sanadan. 185-8 
(Stability) Resolution of Surges Into 
Multivelocity Components. Bew- 
VOW Niene SEE ays cr eee 1199-1203 
(Stability) Steady State Solution of 
Saturated Circuits. Beckwith.. 728-34 
Standardization of Noise Meters. Mc- 
Curdy: hho ioe ee 14-5 
Discs Bea ee 437 
(Standards) Definitions of Power and 
Related Quantities. Curtis, Sils- 
IGOR sdk so oer NOs aero ere eee 394-404 
Discwer en ioe setae ice tons 1120 
Standards, Recommended  Trans- 
former. Putman, Clem. (Dec. 
1934, p. 1594-7) 
DISGaiZOMSSlisClOosersercrctiar cease 985 
Static @harmiontc Tube Frequency 
Changer, A. Schmidt, Griffith.. 1063-7 
Status of Television in Europe, The.. 966-9 
Steady State Solution of Saturated Cir- 
(HPIMIST, USXeIqyahiel., hey hae olmotn me. 728-384 
(Steam-Electric) Design and Opera- 
tion of Huntley Station No. 2. 
Cushing £40h ctshe cis See iomica ee 632-45 
LW) lehicen ay SOIR OIC OS ROO Tai 996 
(Steam-Electric) Rehabilitation of the 
Connors Creek Plant. Greene.. 610-7 
Steam From Electric Energy, Produc- 
tiontofwuneidl a4. ee eee ee 712-9 
Steel in Communication Equipment, 
Silicon. Crawford, Thomas... .1348-53 
(Steel Mill) Automatic Control for a 
Roughing Mill. Watson........ 656-50 
Steel Mill Service, D-C Circuit 
Breakers for. Deans........... 594-8 
(Steel Mill) Speed Transients of D-C 
Rolling Mill Motors. Umansky, 
Lin villoseiancnne otter aedeee 387-94 
Steel Plants, Electric Power Equip- 
mentlorses Wrights oe es 481-5 
Step Type Feeder Voltage Regulators. 
1S BTS ieee, Panic prices er Seite cans 154-8 
Disc3993:"closin..ee ee 993 
Storage Battery Charging Wood- 
bridget. SE Cee 516-25 
Stroboscopic Power Angle Recorder, 
‘Aves Hd gertonee cy ec eer 485-8 
Structure of the Electrical Engineer- 
ing Profession. Hoover........ 695-9 
(Letter) Kniskern. . care 1128 
Substation Equipment, Quieting.- “Ab 
Dott... fie ee ee 20-6 
D186 5 5 ts oe Re Pee 437 


Substation, Regulation Beyond the 


TECHNICAL SUBJECTS 


Distribution. Benner......:.... 832-7 
Disc: 9942. 0lObii. nen spate sin te ahetere 995 
putes Currents, Direct Measurement 
of. Foust, Henderson.......... 373-8 
Disc. 989; clos....... hina se fees 991 
Surge Currents in Protective Devices 
Opsahl =. 550s eee ee ee 200-4 


Surges Into Multivelocity Compo- 
nents, Resolution of. Bewley.1199-1203 
Switch, A New Trigger Circuit for 


Closin'gsAy RUIZ ee eee cee 1405-7 
Synchronous Machines, Armature 
Leakage Reactance of. March, 
COrary sea Ss cabecic ate ta ce erat tenes 378-81 
ise. el 16s clos. eps eestere esters eters 1118 
Synchronous Machines, Load Losses 
in Salient Pole. Pollard...... 1332-40 
(Synchronous Machines) Test Values 
of Armature Leakage Reactance. 
ROg@ersis., sevice be ces rad aca eee ae 700-5 


Synchronous Machines, Tests on Arm- 
ature Resistance of. Robertson.. 705-9 
Synchronous Motors, Pull-In Charac- 


teristics of. Shoults, Crary, 
Laudér voc cece tei aber eee 1385-91 
Synchronous Reactance, Saturated 
Kin gsleys adios wreiiae tee cetera 300-5 
Dise. PUM Telos. anon 1112 


T 


Telephone Noise and Power Wave 
Shape, Measurement of. Bar- 
stow; Blye, Kentise os acc seteiete 1307-15 
(Telephone) Ship-to-Shore Radio in 
Puget Sound Area. Hansen..... 
Television in Europe, The Status of.. 
Test Values of Armature Leakage Re- 
ACtanCeseIVO@ersacan eee reer 
Tests at Trafford, Counterpoise. 
Fielder, Fortescue. (July 1934, 
p. 1116-23) 
Diser2iSeiclostecs eee 
Tests of Induction Machines, 
ciency. Leader, Phillips. 
1934, p. 1628-32) 
Disc. TOU closivas sceneries 
Tests of the Counterpoise, Theory and. 
Bewley. (Aug. 1934, p. 1163-72) 
Dise: 218; 228 "closaanasematce ote 
Tests, Oil Circuit Breaker and Voltage 
Recovery. Poitras, Kuehni, 
Skeats 2. cae tos coisas ees 
Tests on Conductor Vibration, Field. 
Wright, Mini. (July 1934, p. 


232 
(Dec. 


764 
228 


170-8 


207 
Tests on Armature Resistance of Syn- 
chronous Machines. Robertson. 
Tests, Portable Schering Bridge for. 
Hill, Watts, Burr. (Jan. 1934, p. 
176-82) | 
Disen888 "Glos: ee actete ee eee 
Theory and Tests of the Counterpoise. 
Bewley. (Aug. 1934, p. 1163-72) 
Dise./ 218, 2238: acloste nee ae 
Thermionic Tube Frequency Changer, 
A Static. Schmidt, Griffith.... 
“Thyratron’’ Motor, The. Alexander- 
son, Mittag. (Nov. 1934, p. 
1517-32) 
Dises 7503. closses. ane ae ae 
Time-Temperature Tests to Determine 
Machine Losses. Ross......... 
Discs VLOts clos re Ate eae eee 
Timer for Resistance Welding, A New. 
Stoddard. (Oct. 1934, p. 1366-70) 


705-9 


Disens ocd 0. war ee a eee 755 
Trafford, Counterpoise Tests at. 
Fielder, Fortescue. (July 1934, 
p. 1116-23) 
Dise.. 218i closs. 01 paeeerer eeenee 232 
Transformer Life, Effect of Overloads 
on. Nichols. (Dee. 1934, p. 
1616-21) 
Diseniii74s\closs.naen cee 778 
Transformer Standards, Recom- 
mended. Putman, Clem. (Dec. 
1934, p. 1594-7) 
DISC LO OSs eClOSi eee eieee tenner 985 


Transformers, Improvements in Com- 


ELECTRICAL ENGINEERING — 


munication. Ganz, Laird....... 1363-73 
Transformers, Lightning Protection of 
Distribution. Flanigen......... 
Transformers, Measurement of Noise 
From Power. Fugill. (Dec. 
1934, p. 1603-8) 
EIB C erste Pisin ete ied itay tain selete 437, 439 
Transformers, Overloading of Power. 
Montsinger, Dann. (Oct. 1934, 
p. 1353-5) 
TD TOs TAAL Col ee ne, ee ae 773 
Transformers With Mid-Taps, Loads 
on Delta-Connected. Larson... 
Transient Voltages in Rotating Ma- 
CHINOS EEE Unter py tys ee eo 599-603 
Transient Voltages in Welding Gener- 


931-4 


ators. Miller. (Sept. 1934, p. 
1296-1301) 
MVS Cee pate fie eops eis 2) Mt ial stags fiche xi 44] 
Transient Voltages on Bonded Cable 
Sheaths. Halperin, Clem, Miller 73-82 
IDisCMASGreClOS: hm. cs ieiaeseee wietstere ons 766 
Transients in Magnetic Systems. 
Wagner. (March 1934, p. 418- 
25) 
IDISCLOD ie ClOS rir cic Ae, secueors o's 769 
Transients in the Finite Artificial Line. 
Wrebera Dil Oro. <ac stents eis 661-3 


Transients in Welding Generators, 
Control of. Hornby. (Dec. 
1934, p. 1598-1602) 
TDIEYO oho wb: Oy SIEGE OTe 441 
Transients of D-C Rolling Mill Mo- 
tors, Speed. Umansky, Linville.. 387-94 
(Transients) Operational Method of 
Circuit Analysis. Robertson... .1037-45 
Translator System, A Cable Code. 


Wonnenvanecite nies sasiole Sela a idiens 1162-6 
(Transmission) A Carrier Current Re- 
lay Installation. Browne, Vest.. 109-15 


Disc wooo wasn ClOStaci tce-eueakiee 558 
(Transmission) A Criterion of Quality 
of Cable Insulation. Wyatt, 
SLIM Demeter ae Pee Greve ke exes 417-21 
(Transmission) A New Carrier-Current 
Coupling Capacitor. Eby....... 848-52 
(Transmission) Cable System Neutral 
Grounding Impedance. Clem... 
Mise G24, 43945—ClOS: sia biswate cw 4 768 
(Transmission) Calculation of Power 
Flow and Bus Voltages. Smith.. 
(Transmission) Circuit Breakers for 
Boulder Dam Line. Prince.... 
(Transmission) Complex Hyperbolic 


Function Charts. Woodruff.... 550-4 

DISGr Eee sie tro siahsl 2 ah aih icatite lees aches 1002 
Transmission, Constant-Current D-C. 

Willis, Bedford, Elder........... 102-8 


ID ISCHO2 Gs) AL ee ClOB yates see) cece see 882 
(Transmission) Control of Potential 
Over Insulator Surfaces. Ben- 
MELEE TreGenGal liens iseew: aeOe ae 
(Transmission) Corona Losses at. 230 
Ky With One Conductor 
Grounded. Carroll, Simmons.. 
(Transmission) Counterpoise Tests at 
Trafford. Fielder, Fortescue. 
(July 1934, p. 1116-23) 
HOTIC HEA LOLOS We alenains) o aeteusrs «arate 232 
(Transmission) Current and Voltage 
Loci in 3-Phase Y-Y Circuits. 
SOWA Site nl oD OCR OlooaOneo 
(Transmission) Dielectric Properties 
of Cellulose Paper. Whitehead, 
Greenfield. (Oct. 1934, p. 13889- 
94; Nov. 1934, p. 1498-1503) 
IDISemol oy 4od we Closer aye ea slebare case 766 
(Transmission) Dielectric Strength of 
Mineral'Oils: (Clark.......-.:.. 50-5 
PD ISCMOZO s MCLOS Merete sieterco i a) ial saeneas 767 
(Transmission) Distance Relay Action 
During Oscillations. Bancker, 
Hunter. (July 1934, p. 1073-80) 
NOISC IL Oca CLOS waiaees eieivoseislore eters! = 217 
(Transmission) Economical Loading of 
Underground Cables. Church. . 1166-72 
(Transmission) Engineering Features 
of the Boulder Dam-Los Angeles 
Lines. Scattergood...........:.494-512 
(Transmission) Experimental Analysis 


970-6 


1935 REFERENCE INDEX 


of Double Unbalances. Kimbark. 159-65 


DisouZ0bseclosanatncmctiaaebi ict 206 
(Transmission) Expulsion Protective 
Gaps on 132 Ky Lines. Sporn, 

GrOsss esta yneer bros ta ison loan: ae 66-73 

IDisch29) OOM uClOBsaisin oie ehela eiaes 781 


(Transmission) Fault and Out-of-Step 
Protection of Lines. Braley, 
Flarvieyaatatceacraane sis ae 189-200 

(Transmission) Field Tests on Con- 
ductor Vibration. Wright, Mini. 

(July 1934, p. 1123-7) 


DISC Siri cyh a che ae os ees 207 
(Transmission) Inductance of Steel Re- 
enforced Aluminum Cable. 

Wroodriltinnatracc eer comtie ceca 296-9 


(Transmission) Instantaneous Over- 
current Relays for Distance Re- 


LAVIN OY ae TIOR ay tee ere tie 404-7 
Disces83 ticloseres. ee amen 884 
(Transmission) Insulator Arcover in 
Air. Maxstadt. (July 1934, p. 
1062-8) 
DISC. 2S 4 Holos er cieee Eis See 236 
(Transmission) Insulator Surface and 
Radio Effects. Hillebrand, Mil- 
ler. (Aug. 1934, p. 1213-20) 
DDT BC cere ete Mt tik che ar hous SRM Gene 208 
(Transmission) Joint Use of Poles With 
6,900 Volt Lines. Bullard, Keyes. 
(Dec. 1933, p. 890-8) 
ises.2 Osc] Osiared ates rote te 212 


(Transmission) Lightning Currents in 
Field and Laboratory. Bellaschi. 837-43 
(Transmission) Lightning Investiga- 
tion on a 220 Kv System. Bell. 
(Aug. 1934, p. 1188-94) 
Dises28 Wi clos eera2 ect a taverns eke 233 
(Transmission) Lightning Performance 
of 182 Kv Lines. Sporn, Gross. 
(Aug. 1934, p. 1195-1200) 
Discs2185 226 closmmaaae pee aes 227 
(Transmission) Lightning Performance 
of 220 Kv Lines. (Com. rept.) 
(Nov. 1934, p. 1443-7) 


Dise?446sClosiiascce acess picker her keene 780 
Transmission Line Catenary Calcula- 
tions) sHhrenburgierene eee ae 719-28 
(Letters) McCracken.............. 910 
Whrenbure Wr ernstsie eae eit perches 910 


Transmission Line Conductors, Vi- 
bration Analysis. Buchanan. 
(Nov. 1934, p. 1478-85) 
DISC 3046) CLOB ee chats oercinelebeisie ease 779 
Transmission Lines—IV. Lightning 
Investigation on. Lewis, Foust. 
(Aug. 1934, p. 1180-6) 


DISC. c oSpah ees eee ae LOS siete 218, 231 
Transmission Lines—V, Lightning In- 
vestigation on. Lewis, Foust.... 934-42 
Transmission Lines, Overvoltages on. 
Gilkeson, Jeanne. (Sept. 1934, 
p. 1301-9) 
1B AO ats ea ra ato Die cear ec 327, 445 
(Transmission) Measurement of Noise 
From Power Transformers. 
Fugill. (Dec. 1934, p. 1603-8) 
DISC) x panes tarot esate ernie Peo Soran 437, 439 
(Transmission) Multiple Lightning 
Strokes. McEachron. (Dee. 
1934, p. 1633-7) 
IDES GEey CUR Gleick josoucopcocaon 782 


Transmission Over Balanced Circuits, 


Wide Bands.) Clark... neo cmmicies 27-30 
(Transmission) Power Company Serv- 
ice to Arc Furnaces. Clark....: 1173-8 


(Transmission) Practical Applications 
of Insulation Research. Roper.. 816-21 
(Transmission) Quieting Substation 


Equipment. Abbott............ 20-6 
(Transmission) Regulation Beyond the 
Distribution Substation. Benner 832-7 


DiSCN994 = CloSmeta tan views aorstetere once 995 
(Transmission) Resistance and React- 
ance of 3-Conductor Cables. Sal- 
ter, Shanklin, Wiseman. (Dee. 
1934, p. 1581-9) 
Discs 24 ASG MIClOS a weit ee Beis tes 882 
(Transmission) Resolution of Surges 
Into Multivelocity Components. 


TECHNICAL SUBJECTS 


BOWLOVA toe ee ae ceitas See 1199-1203 
(Transmission) Some Characteristics 
of A-C Conductor Corona. Mce- 


Nilan 4 22ers Staten oe ree 282-92 
(Transmission) Some Features of the 

Boulder Canyon Project. Scat- 

LEP EGOU Ss Sede Sous oe a ee 361-5 
(Transmission) Stability of the Gen- 

eral 2-Machine System. Dahl.. 185-8 


(Transmission) Steady State Solution 
of Saturated Circuits. Beckwith. 728-34 
(Transmission) The Determination of 


Circuit Recovery Rates. Boehne. 530-9 
(Transmission) The Insulator String. 
Sorensen. (Aug. 1934, p. 1221-4) 
Disc 206svClosis anaes eee ee ees 207 
(Transmission) Theory and Tests of 
the Counterpoise. Bewley. 
(Aug. 1934, p. 1163-72) 
Disc 218s 22868 closuena: cements 228 
(Transmission) Transient Voltages on 
Bonded Cable Sheaths. Hal- 
7perin,y Clem; Muller: semen 73-82 
Disct436" clos iticons « uoyen cee 766 
(Transportation) Diesel Electric Mo- 
tive Power for Railroads. Candee. 863-8 
(Transportation) The Biway System of 
Electric Platforms for Mass Tran- 
Sit. WStOrer ss. ne eee eee 1340-7 
(Transportation) The ‘‘Comet’’—A 
Diesel Electric Unit Train. Can- 
Gece iG uiete cna kao he ere 1240-5 
(Transportation) The Speed-Time 
Electrograph. Cromwell........ 923-30 
Trigger Circuit for Closing a Switch, 
A’ News “ Ruizsteict eee oe 1405-7 
Tubes, Anode Materials for High Vac- 
Muni Spitzer: eee ee 1246-51 
Turbine Generator Rotors, Heat Flow 
in. Peck. (Oct. 1934, p. 1359-— 
65) 
Dise 555A closte =n eceias ae eee 769 
Two Methods of Mapping Flux Lines. 
Godsey. ke rasicuke foo hee 1032-6 
U 
Ultra-Short Waves in Urban Territory. 
Burrows, Hunt, Decino......... 115-24 
Discs 749 iclosaeecwitewe aceite 749 
Ultraviolet on Breakdown Voltage, 
Eyflect ofa NOrd erasers 955-8 
Unbalances, Experimental Analysis of 
Double; Kumbark. oases 159-65 
ise. 2053 "clos: 24s ee eee 206 
Units, I.E.C. Adopts MKS System of. 
Kennollys cane. jocedace nee 1373 
Use of Vacuum Tubes in Measure- 
ments. Hortoni....con eee 93-102 
Vv 
Vacuum Tubes in Measurements, Use 
ots, -Hortonaease tee One 93-102 
Vibration Analysis—Transmission 
Line Conductors. Buchanan. 
(Nov. 1934, p. 1478-85) 
Discs.334 wiClosins annette ene 779 
Vibration, Field Tests on Conductor. 
Wright, Mini. (July 1934, p. 
1123-7) 
Dise. a0 See A acwdeye ee eee 207 
Vibratorily Commutated Stationary 
Conversion. Southgate......... 1213-21 
Voltage, Effect of Ultraviolet on 
Breakdowns, -Norda.-iqe eee 955-8 
Voltage Loci in 3-Phase Y-Y Circuits, 
Current and. Seletzky.......... 970-6 
Voltage Recovery Tests, Oil Circuit 
Breaker and. Poitras, Kuehni, 
Skeateai es c:c7gke ste on eee oe 170-8 
Voltage Regulator, An Electronic. 
Graig, Santordss.c ise ee re 166-70 
Voltage Regulators, Step Type Feeder. 
FAI a ee Fk cep nc a ace oe 154-8 
Dise: 993s «closes ee eee 993 
Voltages, The Production of Impulse 
Test... Sprague: cater oc cis ceil ae. 
Voltmeter, The Sparkless Sphere Gap. 
Sorensen, Hobson, Ramo........ 651-6 
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Watt-Hour Meter, A New. 


Green... 1073-84 


Wattmeter for Communication Cir- 

cuits, A. Eldredge...::........ 279-81 
(Wave Filters) Transients in the 

Finite Artificial Line. Weber, 

| DVL sl Mot fomeas Abita hth ce Geet eens oe 661-3 
(Wave Form) Analysis of Rectifier 

Filter Circuits. Stout........... 977-84 
Wave Shape, Measurement of Tele- 

phone Noise and Power. Bar- 

StOMeP LV ISCNibe sci aern aber ore 1307-15 
Welding, A New Timer for Resistance. 

Stoddard. (Oct. 1934, p. 1366-— 

70) 

DIG Chere eer cre Ane ach essa eae 159 
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The careful investor judges a 
security by the history of its 


performance. 


KERITE 


in three-quarters of a century of continuous 
production, has established a record of per- 
formance that is unequalled in the history 
of insulated wires and cables. 


Kerite is a seasoned security. 


sy Sets 


Ge 


Se 
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THIS ROAD TO PROFITS IS PAVED WITH 


COST SAVINGS! 


The story of Armco Electrical Sheet Steel can be told 
in mighty short order. And there is real profit-interest 
in it for you, if you are concerned with increased cost- 
savings, greater electrical efficiency, and bigger profits. 


MANUFACTURER 


These are the grades of Armco 
Electrical Sheets from which you 
can choose...a correct grade for 
every purpose: 


ARMCO SPEC. ELECT. 
ARMCO ELECTRIC 
ARMCO ARMATURE 
ARMCO FIELD 


Just as quickly, here are the ad- 
vantages of using Armco Elec- 
trical Sheets for motors: 


Good high induction permea- 
bility - Uniform core loss + 
Long die life - Good stacking 
factor - Uniform gage. 


It will pay you to look into the grades of Armco Elec- 
trical Sheet Steel that are appropriate for your purpose. 
An experienced Armco Engineer will be glad to sit 
down with you and discuss your problems and require- 


ments. And remember, behind him are the advanced 


Transformer 


MANUFACTURER 


You have four grades of Armco 
Electrical Sheet Steel from which 
to select: 


TRAN-COR 60 
TRAN-COR 66 
TRAN-COR 72 


INTERMEDIATE TRANSFORMER 


And you can depend on these good 
qualities, shipment after shipment: 


Low core loss + Good permea- 
bility at medium high induc- 
tions « High resistivity - Good 
ductility + Good stacking fac- 
tor - Uniform gage « Clean sur- 


face + Low-ageing. 


Radio 


MANUFACTURER 


Your job is made easier, more effi- 
cient and economical by these six 
special Armco Radio grades: 


RADIO NUMBER 6 
RADIO NUMBER 5 
RADIO NUMBER 4 
RADIO NUMBER 3 
RADIO NUMBER 2 
RADIO NUMBER 1 


Here is what they promise: 


Good low induction perme- 
ability + Clean surface « Flat 
laminations *- Good stacking 
factor * Uniform gage * Long 
die life. 


research and production facilities of the pioneer man- 
ufacturer of electrical sheet steel. Investigate—for the 
sake of cost-savings, efficiency, and profits. The Amer- 
ican Rolling Mill Company * Executive offices: Middle- 
town, Ohio. District offices in all Key Cities. 


ARMCO ELECTRICAL SHEET STEEL 


Brings Savings - Efficiency - Profits 
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OBOTAC 
LOR 
LINE 


CONTACT 
LINE 


BTROBOTAS 
CONTACT 


z e , : 
ONTACTO! > 
STROBE eon 
ype 8207 me 
RADIO 
GENE Tce sen JAA 


A Re STROBOTAC, a development of 
Messrs. Edgerton and Germeshausen 
of Massachusetts Institute of Technology, 
is ideal for examining the performance of 
all small rotating and reciprocating ma- 
chines ... motors ... generators ... en- 
gines. It requires no electrical or me- 
chanical connection to the machine under 
observation ... it has a speed range of 
600 to 14,000 rpm it reads directly 
in rpm with an accuracy of =2% ... itis 
portable ... and it costs only $92.50. 


first 


We pasted a sheet of printed matter on a disc, 
attached the disc to a small motor and turned 
on the motor. At 1,800 rpm here’s what we 
saw on the disc...... 


and then-— 


We turned on the Strobotac, directing its beam 
of light on the disc; we turned the Strobotac 
speed control until the disc appeared stationary, 
and then we photographed the disc...... so that 
you could see what we saw. The Strobotac is not 
intended for photography, but this unretouched 
photograph of the disc revolving at 1,800 rpm 
shows how completely the Strobotac stops mo- 
tion. For visual observation the illumination 
from its 8-inch beam is more than adequate. 


WRITE FOR BULLETIN EX-3508-A FOR COMPLETE DETAILS 


GENERAL RADIO COMPANY 


Cambridge, A, Massachusetts 
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SCENT 


ORE THAN ANAME 


With a 46-year record of performance behind it, 
CRESCENT stands for WIRE and CABLE that meet the 
most varied requirements from the finest magnet wire to 
the heaviest types of multi-conductor power cable. 


Rubber Power Cable Signal Cable 
Lead Covered Cable Control Cable 
Varnished Cambric Cable Parkway Cable 
Weatherproof Wire Magnet Wire 
Portable Rubber Sheathed Cords and Cables 
and all kinds of Special Cables to meet A.S.T.M., A.R.A., I.P.C.E.A., 


and all Railroad, Government and Utility Companies’ specifications. 


INSULATED WIRE 
TRENTON, 


ER I oe SPECIFIED FOR R.E.A. GUYING 


NEW JERSEY. 


The P135 Guy Hook illustrated 


R u ral Li nes with is now being specified on approved 

R.E.A. ck Priced at $13.00 

per 100 and lower in quantity, 

Cop perwel d-Cop per Con d uctors with guaranteed rating of 13,000 


Ibs. on 5/8” through-bolt and 1/2” 
lag. Larger sizes for 3/4” and 
1” through-bolts, widely used by 
leading operating companies, have 
corresponding ratings and prices. 
Accessory Curved Washers, Thim- 
ble-less Eye Nuts and Bolt Eyes 
round out a line to meet all field 
guying conditions. 


Recently developed PT2 Trans- 
former Hanger Plate provides 
means for mounting transformers 


to 15 kva. directly to pole on line ie: He 
arm through-bolt or extra bolt rau se 
some inches lower on pole. Elim- D ane 

inates extra arm, insulators, Pla 


braces, labor of installation, etc. 
Set of 2 plates with necessary 
bolts for attaching to transformer 
lugs is priced at $1.10. 


Long spans mean fewer poles per mile 
1 So8P ¢ PC Pp $ Heavy Duty M.I.F. Crossarm Gains without braces for short arm balanced 
ess labor and a saving on insulators and load construction, or Light Duty B-Type Gains with one or two braces are 


hardware. Construction standards are the particularly advantageous with full-treated poles—eliminating need for 
} framing specifications in ordering, stocking and delivering poles to location. 


same as for copper. For low-cost, perma- 
nent rural lines, specify Copperweld-Copper 
Conductors. 


Pole Mounts for new and salvage construction and wedged Band Pole Stub- 
bing Clamps also play their part in maintenance of low-cost rural lines. 


COPPERWELD STEEL COMPANY MALLEABLE IRON FITTINGS COMPANY 


GLASSPORT, PA. Pole Hardware Dept. PaCtOry Ane New, ] Branford, Connecticut 


England Sales Office 


New York Sales Office: Thirty Church Street 
<i> Canadian Mfg. Distributor: <i> 


LINE & CABLE ACCESSORIES, Ltd., Toronto 


4 Please mention ELECTRICAL ENGINEERING when writing to advertisers DECEMBER 1935 


DECEMBER 1935 


ATER at the throw of a switch! 
A hundred and one farm-tasks 
made easier and surer by the use of 
electricity. Attractive rates are the in- 
ducement—low construction costs one 
of the means. But low-cost farm-lines 
need not mean poorly constructed lines. 
For instance, O-B materials can be used 
at no increased cost. Price for price, 
item for item, O-B quality is no dearer. 


Vercors it costs no more to 


B20. EsDea Wel He O.-~B 


1796-H 


OHIO BRASS COMPANY 


MANSFIELD, 


OHIO 


a mm a eo | 
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OHIO BRASS COMPANY: 


Kindly send me your catalog of O-B Materials 
for Low-Cost Farm Lines. 


COMPANY = 


NAME 


TITLE ae Aes 


ADDRESS= === va 


Or 


A.LE.E. STANDARDS 


[Figures in Parentheses Give Dates of Latest Editions.] 


The Standards of the American Institute of 
Electrical Engineers now consists of forty- 
three sections on electrical machinery andap- 
paratus. They are chiefly devoted to defin- 
ing terms, conditions, and limits which 
characterize behavior, with special reference 
to acceptance tests, and many of them are 
recognized officially as American Standards. 


The Standards available are listed opposite, 
together with prices. A discount of 50% is 
allowed to Institute members. Such dis- 
count is not applicable on extra copies un- 
less ordered for other members. Numbers 
of the Standards Sections should be given 
when ordering. 


SECTIONS IN PREPARATION 


Eight such sections are now available in 
report form for purpose of criticism, and copies 
will be sent without charge upon request, with 
the exception of No. 2 and C50, for which 
there is a non-member charge of $1.00 and 50 
cents, respectively, with usual 50% discount 
to members. These sections are as follows: 


No.2 (Aug. 1932) Electrical Definitions. $1.00 
6 Mercury Arc Rectifiers. 

23 Relays. 

28 Lightning Arresters. 

40 Electrical Recarding Instruments. 
Rotating Electrical Machinery. 50 cents 
Test Code for Transformers. 
Test Code for Synchronous Machines. 
Test Code for Polyphase Induction Machines 


* Report on proposed American Standard. Will eventually replace 
Standards Nos. 5,7, 8, 9 and 10. 


A binder (illustrated above) for standards is available. The stiff 


covers are finished in a long wearing material, resembling leather, 
suitably lettered in gold. Price $1.75 net. 


No. 1 General Principles Upon Which Temperature Limits 


Are ae in the Rating of Electrical Machinery 

C501) i en RAR ME Oa 8 Ou et > GOBER OC 

4 Measurement of Test Voltage in Dielectric Tests 
(COIL) Ree rer ne” Be Acces ms Abi ioeo.0-506 

5 D-C Generators and Motors and D-C Commutator 
Machines in General. (7-25) 2 2-cma. sui «apes 

7 Alternators, Synchronous Motors and Synchronous 
Machines in General (12-27).............-00000: 

*§ Synchronous Converters (3-25)...-...........----- 
9 Induction Motors and Induction Machines (6-27)... 
10 D-Cand A-C Fractional Horse Power Motors (7-25). 
+11) sRaitlway. Motorsi(/-25) ae ete see eee eee 
*12. Constant Current Transformers (1-34)............. 
13 Transformers, Induction Regulators and Reactors 


*14 Instrument Transformers (3-25)..................- 
*15 Industrial Control Apparatus (5-28)............... 
*16 Railway Control Apparatus (1-33)................. 
*17f Mathematical Symbols (2-28)...................-- 
*17g1 Letter Symbols for Electrical Quantities (11-28).... 
*17g2 uae Symbols for Electric Power and Wiring 


*17g3 Graphical Symbols for Radio (1-34)............... 
*17g5 Graphical Symbols for Electric Traction Including 
Railwayesignalingy(l-34) eit teeter 


*18 -. Capacitors: (6234): cro coe stern octets reesei. 
19 VOil’GircuiteBreakers (7/225) ee eee eee 
20) VAiriCircuiteBreakers:(5=30))9- ee eet ere eta 
22 Disconnecting and Horn Gap Switches (7-25)....... 
D6eeAutomaticistationss (6-50) mee eee entree ee 
27 Switchboards and Switching Equipment for Power 

and Lighta(lO:30) ance enerarety hice Aone 

*30 7 Wires:andu@ables:(9232) ie re aia een ee ee eee 
33 Electrical Measuring Instruments (1-27)........... 

"36 Storage batteries: (2-25) e-e a eeee eerereneier 

*38 Electric Arc Welding Apparatus (1-34)............. 

*39 Electric Resistance Welding Apparatus (1-34)...... 

*41 “Insulators (8-30) seen cence eee eee 

*42 Symbols for Electrical Equipment of Buildings 
(12223) Se cite koe scien BOR hacen ey a eee 

45 Recommended Practice for Electrical Installations on 
Shipboardi(10-30) 2enae eee eee 

*46 Hard Drawn Aluminum Conductors (6-27)......... 

*60 Specifications for Tinned Soft or Annealed Copper 
Wire. (See No. 61 for price.) 

*61 Specifications for Soft or Annealed Copper Wire. 
(Nos. 60 and 61 published as one SaophIeo (9-28) . 

*63 Specifications for 30 Per Cent Rubber Insulation for 
Wire and Cable for General Purposes (9-28)...... 

*69 Specifications for Cotton Covered Round Copper 
Magnet Wire. (See No. 71 for price.) »: 

*70 Specifications for Silk Covered Round Copper Magnet 
Wire. (See No. 71 for price.) 

*71 Specifications for Enameled Round Copper Magnet 
Wire. (Nos. 69, 70, and 71 published as one pam- 
phiet):(9-28) 2.55. j.anisc3 eke eee ee eee 

*72 Specifications for Weatherproof Wires and Cables. 
(See No. 73 for price.) 

*73 Specifications for Heat-Resisting Wires and Cables, 
(Nos. 72 and 73 published as one pamphlet) (9-32) . 

100 ORL for the Operation of Transformers 


Totali€astiof{Complete/Setasee eee 


* Approved as American Standard. 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


$0.20 
.30 


33 West 39th Street . . .. . . =. New York 
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Nene WHAL SULID SILVER 


SOLID SILVER main contacts 
long service — they stand up under 
_repeated operation. 


SOLID SILVER main contacts elim- 
inate high-resistance oxidation — re- 
duce heating and assure accurate 
operation. 


| 
E 


-$OLID SILVER main contacts  re- 


e less cleaning —less maintenance. 


HEN you specify General Electric, the air circuit breaker with the 
solid silver main contacts, you get: 


Better protection, lower maintenance—because the main contacts are 
solid silver—bars of silver welded to the copper. 


Less overheating—because the current-carrying parts are not depended 
on for contact spring action. 


Savings in space—because the designs are extremely compact. 


Proved interrupting capacity—because the breakers have been tested 
under actual field conditions. 


Accurate tripping at desired values — because all these breakers are 
individually calibrated. 


Pleasing appearance—because of graceful design and the high-quality 


Complete lines of G-E air cir- 
finish of the breaker parts. 


cuit breakers are available for 


all services, both a-c and d-c These features are fundamental to the G-E line —backed by America’s 
largest electrical manufacturer. General Electric, Schenectady, N. Y. 860-4 


@ These records cover machines of 150 Kw to 4200 
Kw capacity. They include power, railway and steel 
mill service. 

The broad field of service to which “SA“ Series 
brushes are suited, and the graduated physical prop- 
erties of the individual grades, permit the selection 
of a brush with the right combination of characteris- 


tics to provide both good commutation and good life. 


UNIFORMITY OF PHYSICAL 
PROPERTIES RESULTS IN UNI- 
FORMITY OF PERFORMANCE 


Let us recommend the grade for your service 


NATIONAL CARBON COMPANY, INC. | 


Carbon Sales Division, Cleveland, Ohio 
Unit of Union Carbide [qa and Carbon Corporation 
Branch Sales Offices: 


New York <« Pittsburgh + Chicago + Son Francisco é 


Oil-filled units for 
continuous service. 


Generous propor- 
tions for cool opera- 
tion at rated load. 
Long life. 


Hermetically sealed 
... roll-seamed con- 
tainers .. . positively 
leak-proof. 


For power factor cor- 
rection work. Also 
some motor-starting 
functions. 


CONDENSERS 


AEROVOX offers you the right condenser 
with the right engineering application at 
the right price. ®@ Having furnished the over- 
whelming bulk of condensers for motor- 
starting functions, AEROWOX enjoys an 
experience, production capacity and prod- 
uct second to none. @ All types (electro- 
lytic, paper, oil, mica, etc.), capacities, 
voltages, uses. 


DATAWite on business letterhead for copy of 
Industrial Condenser Manual. Submit 
your condenser problems for engineering collabora- 
tion and quotations. 


CORPORATION 


82 Washington St : : Brooklyn, N. Y. 


dge with ruggedness, flexibility 


and wide range. Its remarkably low cost allows a 
laboratory to own several of them without overload- 
ing the budget. Thoroughly practical for use on 
production lines. Write Dept. L-12 for complete 
details and newgeneral catalog of Muter products. 


List PRICE 
$4950 


DeALER’s NET 
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Safety—Aceuracy—Durability 


combined in One Material! 


Be 


House Brackets. Heavy responsi- 
bility rests on the wedges employed in 
this device. Exposed to constant physical 
strain and extremes of weather, they must 
retain unfailing insulation value. After 
extensive research, Hubbard & Co. adopted 
Bakelite Molded as the superior material 
for wedges in the Hubbard wedge-grip 
bracket. 


Fuse Cut-Out. The heavy Bakelite 
Molded door of this L.M. disconnecting 
fuse cut-out gives positive protection 
against shocks during inspections or re- 
newals. Besides offering safety, Bakelite 
Molded does not deteriorate, and retains 
its electrical and physical properties for 
an indefinite length of time. 


* 


THROUGHOUT the electrical indus- 
try, Bakelite Molded is employed 
for a constantly increasing number 
of applications where the major re- 
quirements are permanently high 
insulation value, precision of form, 
dependable operation, and long, 
faithful service under trying con- 
ditions. 

The examples illustrated offer 
but slight indication of the widely 
varied usefulness of this versatile 
modern material. For information 
on other present applications and 
specific properties of Bakelite Mold- 
ed, engineers and manufacturers of 
electrical equipment and devices 


are invited to write for our Booklet 
33M, “Bakelite Molded”. 


Watthour Meter. Four leading me- 
ter manufacturers have adopted _inter- 
changeable terminal blocks for their watt- 
hour meters. These blocks require great 
accuracy of dimension, high insulation 
value, strength, and resistance to extreme 
atmospheric conditions. Bakelite Molded 
was the unanimous choice of the engineers 
because it fulfilled every requirement. 


Cable Terminals. Cosk Electric 
Co., who pioneered on the use of Bakelite 
Molded for insulation blocks of pole cable 
terminals, state: “The ability of Bakelite 
Molded to withstand the elements; its high 
tensile strength, high insulation value, plus 
low absorption properties, justified our 
adopting it five years ago.” 


BAKELITE CORPORATION, 247 Park Avenue, New York, N.Y..... 


BAKELITE CORPORATION OF 


CANADA, 


LIMITED, 163 Dufferin 


Mogul Sockets. In forming the heavy 
shells of these lamp sockets from Bakelite 
Molded, the Line Material Company has 
realized, not only important electrical ad- 


vantages, but also practical insurance 
against deterioration and failure of the 
sockets under any climatic or atmospheric 
conditions. 


. 43 East Ohio Street, Chicago, III. 


S trie e bs 


Toronto, Ontario, Canada 


BAKELITE 


“The registered trade marks shown obove distinguish moteriols 
wonufociured by Bakelite Corporation. Unter the capitol “8” is the 


L910— SILVER 
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nity, oF valimited qvontity It symbolizes the infinite 
nd future wses of Bokelite Corporation's products™ 


BLACK & VEATCH 


Consulting Engineers 


Water, Steam and Electric Power Investiga- 
tions, Design, Supervision of Construction, 
Valuation and Tests 


4706 Broadway KANSAS CITY, MO. 


BYLLESBY ENGINEERING AND 


MANAGEMENT CORPORATION 
Consulting Engineers 


General design engineering, investigations, 

reports and estimates, and construction 

supervision for new or modernization proj- 
ects in the utility or industrial fields. 


231 South LaSalle Street 
CHICAGO, ILLINOIS 


EDWARD E. CLEMENT 
Fellow A.I.E.E. 


Attorney and Expert 
in Patent Causes 


Soliciting, Consultation, Reports, 
pinions 


1509 Decatur St., N. W. 
WASHINGTON, D. C. 


FRANK F. FOWLE & CO. 
Electrical and Mechanical 


Engineers 


35 East Wacker Drive 


CHICAGO 


P,ofessional Engineering Directory 


For Consultants in Engineering and Allied Sciences 


JACKSON & MORELAND 


ENGINEERS 


Public Utilities—Industrials 
Railroad Electrification 
Design and Supervision—Valuations 
Economic and Operating Reports 


BOSTON NEW YORK 


SANDERSON & PORTER 


ENGINEERS 
for the 


BN EN eee TR Oa 
EER ig ERNE TOs) 


INDUSTRIALS ana. ‘PUBLIC UTILITIES 


Chicago New York San Francisco 


SARGENT & LUNDY 


Incorporated 


ENGINEERS 


140 South Dearborn Street 
CHICAGO, ILLINOIS 


WHEN YOU 


require technical advice— 
or a Solution to an 
engineering problem 


CONSULT THIS DIRECTORY 


GEORGE T. SOUTHGATE 


ELECTRIC-POWER AND 
ELECTRO THERMAL ENGINEER 


Consultant in 
Design, Process and Patent Matters 


114 East 32nd Street NEW YORK 


THE J. G. WHITE 


ENGINEERING CORPORATION 
Engineers—Constructors 


Oil Refineries and Pipe Lines, 
Steam and Water Power Plants, 
Transmission Systems, Hotels, Apartments, 
Offices and Industrial Buildings, Railroads 


80 BROAD STREET NEW YORK 


J. W. WOPAT 


Consulting Engineer 


TELEPHONE ENGINEERING 
Construction Supervision 
Appraisals—Financial 
Rate Investigations 


303 East Berry St. Fort Wayne, Indiana 


J. G. WRAY & CO. 


Engineers 


Utilities and Industrial Properties 


Appraisals Construction Rate Surveys 
Plans Organizations Estimates 
Financial Investigations Management 


105 West Adams St., Chicago 


Employment Bulletin 


aeyineorinty Societies Equplovmnent GS orvice 


MAINTAINED for their members by the national so- 
cieties of civil, mining, mechanical, and electrical 
engineers, in co-operation with other organizations. An 
inquiry to any of the three offices will bring full information. 


A weekly bulletin of engineering positions open is 
available to members of the co-operating societies at a 
subscription of $3 per quarter or $10 per annum, payable 
in advance. 


In the interest of effective service, it is essential that 
members using the employment service keep the bureau 
office serving them advised at reasonable intervals con- 
cerning their availability for employment, concerning any 
change in status, and immediately upon acceptance of any 
employment. 


Employers interested in the following announcements 
should address replies to the key numbers indicated, and 
mail to the New York Office. 


Men Available 


E.E., age 36, M.I.T. grad. 
appraisal, util and factories; 
factory research. 
ground. 
C-9749. 


E.E., Univ grad, 6!/2 yrs des, engg, constr 
hydroelec, steam pwr plants, substations, transm, 
ry electrification; 6 yrs engg automatic switch- 
gear, supervisory, telemetering eqpt pwr, ltg, indus, 
ry service. Speaks German, Spanish. B-7938. 


10 


Exper constr, oprn, 
also eqpt des and 
Broad engg and scientific back- 
Salary secondary to real opportunity. 


GRAD E.E., 35; 10 yrs exper pub util includes 
des, constr, oprn of transm, distr systems, investi- 
gations, economic studies, valuation, rate investiga- 
tion, latest lightning protection methods, preparing 
estimates, specifications, contracts. C- 3564, 


TRANSM LINE, SUBSTATION DES ENGR, 
E.E. grad, 1929, single, 29; 4 yrs des substations; 
11/2 yrs des single and H- frame wood pole; one yr 
oprtg elec induction motors, controleqpt. C-5967. 

E.E., B.S., 1935, Newark Col of Engg, single. 
Desires any pos in elec field leading to advancement. 
Exper: Radio servicing, machine shop, tech report 
writing. Location, NYC or NJ. D-4443. 

E.E., B.S., Univ of Kansas, 1935, single, 24. 
Pwr option. Desires work in engg field. Location 
immaterial. Availableimmed. D-4420. 

M.S. in E.E. and grad yr in business administra- 
tion, both at MIT. One yr Gen Elec test course. 


Mgmt exper. Retail store exper. Age 26. 
D-1538. 

E.E., B.S., Va Poly Inst 1933. Major: pwr 
machy. Minor: auto engg, tech report writing, 
journalism. Pi Delta Epsilon. Exper: Civil 


Engg, teaching, draftg. Married. 
D-2426, 

E.E., B.S., 1935, Tau Beta Pi, single, 22. Desires 
exper in some field, preferably Pwr engg or des. 
Salary secondary if advancement is possible. 
Location immaterial. D-4483-5460-Chicago. 

E.E., 37, married, 16 yrs exper oprtg pwr systems, 
des pwr plants, indus. Last 10 yrs elec des engr in 
ee .E. Univ Darmstadt. Location, anywhere. 

4 


Hard worker. 
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DEVPMT ENGR, des, B.S., ’25, married; 7 yrs 
lab research for prod control, 3 yrs des fractional 
hp motors, E.E. 1934 in connection with special 
work on small motors. Good ref. D-2165. 


E.E., 1928, single; 4 yrs pub util exper includes 
lab and pwr plant testg, underground transm lines 
and distr systems; maintenance and consumers’ 
service specifications. D-4277. 


SALES ENGR or EXEC, E.E. deg, 15 success- 
ful yrs in radio and elec indus selling, sales promo- 
tion, sales mgmt for nationally known mfrs.  Ex- 
cellent training in business, advertising, publicity. 
East. D-4330. 


ASSOC, ASST PROF OF E.E., 37, BS AND 
MS IN E.E.; 5 yrs teaching leading tech sch; 
6 yrs personnel work nat tech corp including selec- 
tion, training of tech grad. C-8967. 


E.E., B.S., 1980, single, 29; 3 yrs pwr trans- 
former des. Good theoretical training and prac- 
tical knowledge of radio. Desires pos in radio or 
tube mfr’s lab. Location immaterial. D-462. 


PRACTICAL E.E., 49; 25 yrs exper in constr 
oprn and des. Can work in office as engr or 


checker or on job as asst supt, field engr or foreman. 
D-4063. 


E.E., B.S., 1934, N.Y.U., honor student. De- 
sires engg exper in pos with future. Good lab 
technician. Familiar with business methods, labor 
mgmt. Secretary for exec of tech co. Excellent 
tef. D-4170. 


ENGINEERING SOCIETIES 
EMPLOYMENT SERVICE 


NEW YORK SAN FRANCISCO CHICAGO 
31 W. 39th St. 57 Post St. 211 W. Wacker Dr. 
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ADIO TOWERS—singly or in stands of a 
dozen or more, high, strong, of balanced 
construction and nicely adapted to their intended 


use—have been a specialty of the tower depart- 


ment of American Bridge Company for many 
years. A technically trained and widely experi- 
enced personnel commands resource in design 
to meet all conditions that may be involved for 


any broadcasting project. Modern fabricating 
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Center: 230-foot radio tower terminating 
in a single mast, fabricated and erected by 
American Bridge Company in northern 
Wisconsin. 


Right: One of two 200-foot A.B.C.—con- 
structed radio towers at Fort Brown, Texas, 
shown completed and with antennae in 
place. 


Left: Twelve specially designed 400-foot 
radio towers with 150-foot cross arms, de- 
signed, fabricated and erected by American 
Bridge Company, for the Radio Corpora- 
tion of America at Rocky Point, L. I 


and erecting equipment and ample facilities of 
every kind required, assure a finished structure 
economically built as well as of adequate strength. 


The diversified knowledge of American Bridge 
Company technicians concerning towers for other 
uses, from the simplest type of transmission tower 
to the most complicated sub-station, is always at: 
command to assist in the study of special diffi- 
culties or requirements. 


AMERICAN BRIDGE COMPANY 


GENERAL OFFICES: FRICK BUILDING + PITTSBURGH, PA. 
Baltimore Boston Chicago Cincinnati Cleveland Denver Detroit Duluth Minneapolis New York Philadelphia St.Louis Salt Lake City 
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THE GIFT 
OF FRIENDSHIP 


flere is a priceless gift within reach of every 
one—the gift of friendship. 

Of all the services of the telephone there is 
none more important than this—helping you to 
make friends and to keep them. 

When people are in trouble, you go to them 
quickly by telephone. The telephone carries your 
good wishes on birthdays, weddings and anniver- 
saries. Arranges a golf game or gets a fourth for 
bridge. Invites a business acquaintance to your 
home for dinner, and advises ‘‘home”’ that he is 
coming. Congratulates a youngster on his work 


at school. Thanks a neighbor or asks about the 


baby. Renews old times—shares confidences— 
plans for the future. 

Thus the bonds of friendship are formed and 
strengthened. Greater happiness comes into the 
widening circle of your life. Some one, somewhere, 
says sincerely— “‘It was nice of you to call.’ This 
day, a voice-visit by telephone may bring reassur- 


ance to some friend who is wondering how you are. 


More and more are people turning to Long Distance to 
carry friendly voices across the miles. They like its speed, 
clarity, intimacy and low cost—especially after 


7 P.M., when calls by number to most points § 
\ 


cost about 40% less than in the daytime. ©& 


BELL TELEPHONE SYSTEM 
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MINERALLAC 
INSULATING 
COMPOUND 


For use in potheads, cable 
joints, junction boxes, etc. 


High voltage compounds 
for every purpose 


Write for Bulletin No. 180 
MINERALLAC FLECTRIC COMPANY 


25 North Peoria St., Chicago, Ill. 
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VA onericans are proud of the in- 
dustrial achievements that have 
made their brawn, courage and 
ingenuity world famous. The 
chief disease which threatens 
that supremacy is tuberculosis. 
It is the greatest cause of death 
between the ages of 15 and 45. 
Help protect American man 
power from this enemy by pur- 
chasing the Christmas Seals that 
fight it all year round. The seals 
you buy today may save your life 
tomorrow. 


BUY 
CHRISTMAS 
SEALS 


The National, State and 
Local Tuberculosis Associa- 
tions of the United States 
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COMPETENT 
ENGINEERING 
SERVICE 


in the design and 
roduction of 


excellent porcelain 
parts. 


UNIVERSAL 


CLAY PRODUCTS CO. 


15 25 FIRST ST. SANDUSKY, OHIO. 
Chicago Office 1O7Z N. Wacker Dr. 
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YOU PROFIT FROM OUR AT 


INCE its introduction twenty years ago, 

the concentric circular-coil construction 
has been a highly important factor in the 
successful operation of more than 66,000,000 
kva of G-E power transformers. 


Among the features that are highly important 
to the user are: 


1. Freedom from corona 
As the transformer is completely free from corona 
during insulation tests, the insulation is in perfect 
condition when the unit is shipped. This assures a 
high degree of service reliability. 


2. Free passage for cooling oil 
Thorough ventilation results in evenly graded tem- 
peratures from top to bottom of the transformer, 


GENERAL @ ELECTRIC 


General Electric's Policy 
of Careful Attention to 
Every Detail —Whether or 
Not Visible—Is Your 
Assurance that G-E Power 
Transformers Will Give 
You Lasting, High-quality 
Service 


and maximum ability to handlé emergency loads. 
In addition, the horizontal coils expand and con- 
tract uniformly, thus preserving the high dielectric 
strength of the insulation. 


3. Exceptional mechanical strength 
Every turn is supported at regular intervals by 
radial spacers, which form a group of supporting 
columns that hold the winding securely in place 
—even when the transformer is subjected to the 
most serious short-circuit conditions. 


These are important factors in the lasting 
service, continuity of operation, and low main- 
tenance expense which characterize G-E power 
transformers. Ask the nearest G-E office for 
further information, or write General Electric, 


Dept. 6D-201, Schenectady, N. Y. 
310-13 
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iShewing" the simplicity. of 
; the Ferranti Clip-On Am- 


meter in actual use. 


i Se a eee g 
O—100 amps TWO RANGES IN 
0—500 amps 4 _ CONTAINED Ih ; 
Sold, guaranteed and Serviced jeuhe USS; a by the manufactures — 
: ae SERS Bats | BB one gia Bete 
»* ‘ € ‘ a : hs x s 
_ FERRANTI ELECTRIC, INC. 


130 West 42nd St., New York Wes... 
FERRANTI ELECTRIC, Ltd. . _ FERRANTI, 
Toronto, Canada : > calle Hollinwood, En 


